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PREF ACE 
( by P . J .  Grubb) 
This publication embodies some of the resul ts  of s tudies on Montane and 
Subalpine Rain fore s t s  in New Guinea made in 1 9 7 0- 1  whi le I had s abbatical 
leave from Cambridge Univers i ty and enjoyed an Honorary F el lowship from the 
Aus tralian National Univers ity . The ul t imate objective was to increase our 
under s tanding of the factors that determine the d i s tribution of fore s t-types 
on wet tropical mountains and of the adaptations of the plants growing in 
these for es t s . This  publication embodies a detailed description of  the 
flor is t ics and general ecology of  the three relevant forest formations in New 
Guinea: the Lower Montane , Upper Montane and Subalpine Rain fores t s . The 
description i s  based on one particular area , but i t  is shown by reference to 
earlier literature that the forests  described in detail here are indeed 
repre sentat ive of the relevant fores t format ions all along the great 
mountainous ' spine ' of New Guinea . It is intended that th i s  publication 
should provide a framework of reference for more detailed descriptive and 
experimental work . In subsequent publica tions there will be presented a 
comprehens ive treatment of the st ruc ture of the leaves in the three forest 
format ions of the s tudy area as well as in Lowland Rain fore s t  in New Bri tain 
and in various Rain fore s t s  in Malaya and Queensland , toge ther wi th 
informat ion on nutrient concentrations , and the resul ts of s impl e  ex periments 
on water re lations and lethal temperatures . In 1 9 7 0-1  we were much concerned 
wi th the po s s ible role of mineral nutrient supply affecting di s tribution of 
forest-types ( cf .  Grubb 1 9 7 1 )  and a comprehens ive s tudy of nutrient cycling 
was made by P . J .  Edwards in the Lower Montane forest  of our s tudy area 
( cf .  Edwards 1 97 3 ,  1 97 7 ;  Edwards & Grubb 1 9 7 7 ) . 
My co -author , Dr P .F .  Stevens , was first  s ent by the Depar tment of 
F ores t s  in Lae to a s s i s t  in collecting in December 1 9 7 0 ,  but in due course 
became respons ible for naming mos t  of our plant s . He j o ined me again in May 
1 9 7 1 for an intens ive s tudy o f  the Upper Montane and Subalpine forests  o f  Mt 
Kerigomna , which would have been impossible without his participation . 
Ul timately t he present s tudy became a j oint effort . As the dependent partner , 
i t  is  a pleasure to  acknowledge my gratitude to him . 
I am extremely grateful to  the Royal Society of  London for a grant to 
cover the expenses of  travel and equipment , to the Aus tralian National 
University for facilities in Canberra and New Guinea and for f inancial support 
in the f ield , to Prof . D .  Walker and Dr J . N .  Jennings for understanding , 
advice and help , to Mr J . S .  Womersley ( Lae Herbarium) for taking charge of all 
import and export problems and for sugge st ing that Dr S tevens should join me 
and for much pract ical assis tance , to Mr A .  Ros s  (F orest Of fice , Goroka) for 
informat ion and support , to Messrs  Collins of Goroka for permis s ion to use the 
Marafunga s awmill as a base , to Mr A. Bea tty ( Manager of the Mill)  and his 
colleagues for friendly co-operation ; also to many indigenous employees at 
the Mill who worked willingly for us . 
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I am al so mos t  grateful to Mr (now Dr) P . J .  Edwards , Dr D . R .  Kershaw (Mrs 
Edwards) and Mr R . A .  Hynes for  many kindnesses  and valuable d i scuss ions , t o  
D r  Chew Wee Lek , Mr M . J . E .  Coode , Prof . R . E .  Hol t tum , Mr A . C . Jermy and 
Mis s  B . S .  Parris  for indentif ications , to Prof . P . W .  Brian and Mr C . T .  Sewell 
for  cont inued support  from Cambr idge , and to Mrs Anne Robinson and Mis s  Sylvia 
Bishop for their pat ience in typing 'thi s paper and drawing the f igures . 
Finally I thank my wif e  without whose  support  and f orbearance the project  
would have been impo s sible. 
January 1 977  
Addenda 
Further resul ts  of the s tudy of nutrient cyc ling are in cour s e  of publication 
(Edwards 1982 , Edwards & Grubb 1 98 2 ; Grubb & Edwards 1 982) , and s ome of the 
resul t s  of  experiments  on water relations are in press  (Buckley , Cor lett  & 
Grubb 1 980) . ' The alpine flora of New Guinea ' by P. van Royen ( 1 9 80) , Cramer , 
contains much of interes t in Vol - .--r: General Part . See especially the 
article  by G . S . Hope , ' New Guinea mountain vegetation communities ' ,  
(pp . 1 5 5-222 . )  
Augus t 1 980  
During the las t three years the  following papers and books which are highly 
relevant to thi s monograph , have appeared or been accepted for publi cat ion : 
Enright (1 982a , 1 98 2b) 
Gres s i t t  (1 982)  
Grimm & Fas sbender ( 1 9 82) 
Tanne r (1982) 
Korner , Allison & Hi ls cher (1983) 
Kapos & Tanner ( 1 984) 
"The Alpine Flora of New Guinea" by P .  van Royen ( 1 9 7 9-1 9 83) i s  now complete . 
All these  ref erences have been inserted in full in the bibliography . 
January 1 98 4  
Edi t orial No te 
My thanks are due to the secretarial s ta f f  of  the Depar tment of  Bio geography 
and Geomorphology , who typed the manuscript into the DEC 10 computer , and have 
dealt with many compl i cated tables  under a regime of changing s oftware for  
over a decade : Marlene Arney , Marcia Murphy , Caroline Twang , Jenny Tode , 
Maureen Red shaw and Nicole  Nankervi s . 
November 1 9 85 
Nigel  Wac e , Edi tor 
Departmental Publications 
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SUMMARY 
A detailed s tudy was made  of the compo s i tion of a Lower Mon tane 
at 2 500-2600 m in the Fatima bas in flati tude 6 ° 00 ' S ,  longi tude 
October-December 1 9 7 0  and April-Augus t  1 97 1 . Obse rvations were 
the dynamic s  and phenology o f  the fores t . 
xiii 
Rain fore s t  
1 4 5 ° l l 'E ) in 
recorded on 
2 .  An intens ive s tudy of the composition of  Upper Montane and Subalpine Rain 
fore s t s  at 3050-36 7 0  m on the ad jacent Mt Kerigomna was made in May 1 97 1 .  
3 .  Informat ion i s  given on the f loristic  composition in all life-forms in the 
Lower Montane fores t ,  on the frequencies , apparent shade-tolerances , f lushing , 
f lower ing , f ruiting , leaf-charac ter i s tics , pollinat ion-syndromes and 
d i s s eminule-type s of the species and on the mature heights of the trees 
fTables 2 . 2  & 2 . 7 ) , al so on the dens i ty and basal area of trees (Table 2 . 5) , 
on the soils fTable 1 . 3) and on certain aspe c t s  of  the climat e  fTable 1 . 1  and 
Figs . 1 . 4- 1 . 6 ) . 
4 . S imilar les s  comple te informa t ion i s  given for the Upper Montane and Subalpine 
fores t s ,  toge ther wi th details of the d i s t ributions of  the species in New 
Guinea (Tables 1 . 4 ,  3 . 2 ,  3 . 3  & 3 . 4) . 
5 .  The s truc tural and physiognomic characteri s tics  of the fore s t s  are summarized 
in Table 3 . 1  and generic content s are summarized in Table 3 . 8 .  The ' Lower 
Subalpine Fores t '  of Wade  & McVean is shown to be a Trans i t ion fore s t  and i s  
i ncluded i n  the Upper Montane format ion (Fig .  3 . 2 ) . A Trans i t ion fore s t  
between Lower Montane and Upper Montane i s  recorded f rom Mt Ot to (Tables 3 . 5  & 
3 . 6 ) . The flori s tic me lange effect i s  als o  i llus trated from Mt Otto fFig . 
3 . 1  & Table 3 . 5) . 
6 .  I t  i s  shown by ref erence t o  the li teratur e and to the au thors'  experience on 
o ther mountains in Papua-New Guinea that the fores t s  of the main s tudy area 
are , in their e s s ent ial f eatures , typical of the mountain fore s t s  all along 
the main ' spine ' of New Guinea (Chapters I I ,  b and III , d ) . 
7 .  There i s  a marked fall in species-richnes s  wi th alt i tude (Table 3 . 9 )  and the 
generic f loras of the Upper Montane and Subalpine fore s t s  represent success ive 
attenuat ions of the Lower Mon tane flora (Table 3 . 8 ) .  There is evi dence of a 
decrease in dependence on insects  for pollinat ion (Table 3 . 10)  and of a 
decrease in dependence on animals f birds ) f or d i spersal 'Table 3 . 1 1 ) . There 
is als o  evidence of a decrease in ins ect damage to l eaves (Chapter I ,  e ) . 
8 .  The r ecorded lower l imi t s  of  the Upper Montane and true Subalpine fore s t s  
along the main mountainous ' spine ' of New Guinea a r e  summariz ed  'Chapter III , 
d - par ts (i ) to (iv) ) and the informat ion available for outlying ranges and 
i s lands i s  reviewed (Chapters III , d - par ts  fv) and fvi ) ) . 
9 .  A schemat ic cros s-section of  the fore s t s  of the main mountain ' spine '  in 
central New Guinea is g iven fFig . 3 . 3) ,  als o  a brief d i s cussiort of  the 
f actors probably limit ing the d i s t ributions of the forest-types (Chapt er 
III , e) . 
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FIGURE 1.1 Map of the island of New Guinea and West Irian, showing the land above 2000 m, the major 
high peaks, and other features mentioned in the text. The numbers prefixing the names 
of the peaks are those used in the headings to Tables 3 . 2 and 3 . 3 . 
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I .  INTRODUCTION TO THE STUDY AREA 
( a ) Topography and Geology 
The bi rd- shaped i sland of  New Guinea ( includ ing We s t  Ir ian and 
Pa pua-New Guinea ) has a mount ainous 's pine' running f rom one end to  the 
o ther , wi th detached range s in the 'head ' (Vogelkop Peninsula ) and the 
'wing s' ( F inis terre-Saruwake t Range s ) , as shown in Fig . 1 . 1 .  In thi s 
f igure all the ma j o r  ranges  are named . The 'spine ' resulted chiefly from 
intens ive orogene s i s  in Plio-Pleis tocene t imes but the geology and 
land- forms are ext remely varied in the d i fferent range s .  There are 
volcanoes of various age s , areas of uplift ed mas s ive lime stone and o ther 
sedimentary rocks , blocks of grani te and extens ive areas of bas ic igneous 
and me tamorphic rocks . 
In the admini strative d i s tr icts  o f  Papua-New Guinea known as the 
Chimbu , the We s tern and the East ern Highlands Province s ,  the mountainous 
's pine' i s  rela t ively broad ; there are ma jor range s to the north and 
south reaching over 3 500 m ,  and be twe en them ext ensive intermontane 
bas ins at c .  1 500- 1 800 m, f illed wi th Quate rnary alluvium ( Fig . 1 . 2 ) . A 
valuable general account of  this region i s  given by Haant jens , McAlpine , 
Re iner , Robbins & Saund ers ( 1 9 70 ) . Our base was in Goroka at  c .  1 600 m 
alt i tude , near the we s tern end of  the ma jor eas tern bas in . 
The Fatima Bas in i s  a small area (:£· 4 x 3 . 5  km) at  an a lt i tud e  of 
c .  2500-2 750  m ,  s i tua ted c .  25  km t o  the north we st  o f  Go roka , drained 
by t he River Fat ima and s ur rounded by hills , all wi thout names except for 
Mt Kerigomna ( 3 6 7 0  m)  to the we s t  ( Fig . 1 . 2  and Front i spiece ) .  Thi s  
mountain i s , in turn , about 2 5  km dis t ant from Mt Wilhelm ( 4 5 1 0  m)  whe re 
many botanical and clima tic  stud ies have been made ( c f .  Wade & McVean 
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PLATE 2. Aerial view , looking s outh over part o f  the study area in Lower 
Montane Rain fore s t , west o f  the Fatima River (near the c entre o f  
the picture ) . Felling has begun in the forest o n  the ext reme 
right , where the altitude is c .  2500 m. Pho tographed P .  J . G . . April 
1970. 
PLATE 3. North-eastern slope o f  Mt Kerigomna with t rack to the summit 
left o f  centre . Continuous fore s t  cover t o  the summit , where 
there is a radio repeat er station . Upper Montane Rain fore s t  in 
the foreground at c .  3200 m altitude . Transition forest to  true 
Subalpine on the summit ridge at c .  3670 m altitude . Pho to graphed 
P . J . G .  May 197 1. 
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1 9 69 , Mcv ean 1 9 7 4 ; Hnatiuk ,  Smi th & McVean 1 9 7 6 ) . Access  to the Fatima 
bas in was by the main Highland s Highway to Asaro , then by a steeply 
asc ending narrow road , which pas sed through a col and descended sl ightly 
to the Marafunga sawm ill near the eas tern edge of the basin ( Fig. 1 . 3 ) . 
Until  abou t  1 9 63-4 mo s t  of thi s bas in was occupied by primary forest , but 
a great proport ion of the acces s ible timbe r was ext racted by Me ssrs 
Co llins in the following decade . During 1 9 7 0- 1  an ext ens ive area we st  of  
the R.  Fatima wa s c lear-felled ( Plate 2 ). Before the intervention of  
white  man , the bas in was a ' no man ' s land ' between the Asaro peoples to 
the eas t , the Mundo to the south and the Chimbu to  the wes t ; the ranges 
to the nor th be ing e f fectively impas sable. Howeve r ,  ind igenous people 
had clear ideas on the ownership o f  all the land and were , o f  course , 
paid for the t imber ext rac ted . Presumably the l and was at too high an 
al ti tude to make the cul t ivat ion o f  their s taple crop , sweet po tato , 
wo rthwhi le . 
Mt Ke rigomna i s  reached by following an old-e stabli shed trail toward 
the Chimbu valley and then cut ting of f we s tward to the summi t along a 
broad , straight track s aid to have been cu t in 1 969  or 1 9 7 0  when a radio 
repeater station was establi shed on the summi t ,  and it was neces sary to 
provide ready acces s  ( P late 3 ) . I t  seems th at b e fore the s tation was 
buil t ,  this mountain was no t regularl y  vis i ted and the vegetation wa s 
little  disturbed . 
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FIGURE 1. 2 Map of the Goroka-Mt Hagen district showing the locat ion of  
the study area : Mt Ker igomna and the Fat ima bas in. 
The area was ideal for our work because it  was readily accessible 
and much of the forest  was in a pr imary s tate ; although the slope s were 
gentle the flora was s imilar to  that o f  ot her areas with much s teeper 
s lopes. The clear-fell ing o f  an extensive area made it  po s s ible to 
compile an almost  complete inventory o f  the flora during s ix months ' 
s tudy , despite the great height of  the tal lest trees (.£· 3 3-37 m). I t  
also turned out tha t  the vegetation above c. 3050 m o n  M t  Kerigomna i s  
essential ly the same as  o n  M t  Wilhelm , where i t  had been sub je ct ed t o  
detailed phytosociological s tudy b y  Wade & McVean ( 1 969 ) , and we are now 
able to pre sent a mor e  complete account of the forests from the Lower 
Montane to the Subalpine Zone than for any o ther par t of the tropic s. 
C ollectors from the For es t ry Depar tment and C S IRO visited the area in 
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1 9 60-70 and Hoogland & Pullen ( both then o f  C S I RO ) made a collection on 
Mt Kerigomna in 1 9 5 6. No previous account o f  the vegetat ion or f lora of  
the area has been pub li shed . 
A d i s advant age of  the s tudy area is  that i t s  geo logy ha s no t been 
adeq uately described . The area lies  j ust  we s t  of tha t mapped by McMil lan 
& Malone ( 1 960 ) and just  south o f  that mapped by Dow & Decker ( 1 964 ) . 
Mo st of the highe r  par ts  of  the B i smark Range are made up o f  the 'B i smark 
Granod ior i te' , which i s  a mixture of  granodiorite , q uartz  diorite , 
diorite , gabbro etc . To the eas t of thi s form a tion , and making up much 
of  Mt Otto is the ' Goroka Fo rma tion' , cons i s t ing chiefly of s i l t s tone , 
Kerigomna 
:(i)·--@� Zones used in 
·-----' Table 2.1 
. 1-lll Edwards' plots for 
litter studies 
-1-6 Plots used for biomass 
estimates 
c:::::J Ridge 
Timber-extraction road 
MaJOr walking track 
0 Valley grassland 
0 0·5 lkm 
F I GURE 1 . 3 Map o f  the Fat ima basin showing the locat ion of the plot s  and 
zone s s tud ied in mos t  detail . B ased on a For es try Depar tment 
map . 
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phyllite , schi s t  and quartz greywacke. Running t oward Mt Kerigomna from 
the south-east acro s s  the Daulo Pass ( Fig. 1 . 2 )  i s hornblende-f eldspar 
porphyry wi th minor diorite , gabbro etc. The ma p  o f  McMillan & Malone 
( 1 960 )  shows the unnamed hills t o  the nor th-east o f  the Fat ima bas in t o  
b e  made from the Go roka formation and those  t o  the south-eas t from the 
Daulo porphyry wi th an area of banded chert and po s sibl y  some l imestone 
between. Rock s pecimens from 3 67 0  m t o  3200 m on Mt Ke rigomna were all 
identif ied by geologi s t s  from Kenneco tt Ltd a s  basalt ic. 
Quat ernary alluvium i s  shown in the map o f  McMil lan & Malone ( 1 960 ) 
f il ling the valley in which the Marafunga sawm ill i s  s ituated. Specimens 
from various parts  of  the alluvial beds , on which the Lower Montane 
fore s t  was developed , sug ge sted tha t gabbro was the ma jor parent 
material. Exposure s  of the alluvium were found in a few s tream-beds and 
where timber-extract ion roads had been cut deep into the hills ide ; the 
texture and colour var ied greatly. In some sites the so ils lay on 
alternating beds of  clay and rot t ing gabbro 10-50 cm thick - apparently 
s tra tified stream depo si t s. In o thers  they lay on whitish or grey c lay , 
sometimes wi th reddish brown c lay ( containing boulder s )  below. The s teep 
s lope abo ut 10-100 m we s t  o f  the R. Fa t ima seems to cons ist  mos tly of 
rot ting gabbro , and the soils have a gritty texture. The lowe st par t of 
the valley consists  of silty a lluvium pe riodically waterlogged soils 
overlying loose gravel beds , which are exposed in some place s. Be low 
this again , the river has cut into a yellow-brown clayey bed containing 
gabbro boulders. I t  i s  not clear whe ther all of the soils were derived 
from alluvia or whe ther some ( e s pecially in the ridges and the few 
c li f f s ) were derived by in situ weathe ring of  bedrock . 
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Several t ime s we saw bur ied horizons in road cut t ings , associated 
wi th slumping on s lope s  of.£· 2 0° ( Plate 4 ) . These were probably t he 
re sult of pas t  earth tremors : minor tremor s are now a c ommon occurrence . 
I t  is likely t ha t  fall-out of ash from the g reat volcanoes fur ther wes t 
has contributed to  the soil par ent materials but the ext ent is quite 
unknown . We did no t f ind t he d i s t inc t ive soil-laye ring known from par t s  
of  the wor ld which have received nume rous , mas s ive ash- s hower s .  Hope 
( 1 97 6 a )  has recorded up to ten ash layers in lake and mire depo s i t s  laid 
down in the las t  10 , 000 years on Mt Wilhelm .  We saw no evidence of pa s t  
glaciation i n  our s tudy area . 
PLATE 4. Soil pro f il e  on t he s ide of a t imber-extraction road in s e c t ion 2 
(cf. Fig. 1. 3). 'Normal prof ile' at extreme le ft  and right. In 
between there is evidence o f  s lumping at  some time in the pas t ;  
very dark A 11  and A 12 hor izons are overlain by paler,  new A 1 1/A 12· 
Figure at  bot tom o f  tree  trunk shows scale. Pho t ographed P.J.G. 
May 197 1. 
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( b) C limate 
The dom inating air mas se s  out s ide the mountainous ' spine ' of  New 
Guinea are those  of the wes terly-moving vert ical circulat ions of the 
' perturbation belt ' to the nor th and those  of the south-east  t rade winds 
to th e south. In the period Decem be r-March the effec ts o f  the 
' perturba tion belt ' are dominant and a ir ma sses commonly reach an 
altitude sufficient to invade the highlands and they thus cause the wet 
season. During May to mid-Oc tober the south-east trade winds are 
dominant and they bring much rain to the south-facing s lopes of the main 
' spine ' , but the air ma sses  rarely r ise high enough to invade the 
highlands of the Goroka-Mt Hagen area- so that thi s season is ' dry '. The 
months of April and mid-Oc tober to November are trans it ional. The daily 
wea ther patterns in the intermontane ba sins , espec ially in the dry 
season , can be unders tood in terms of locally gene rated air movement s. 
The upslope winds cause c lear basin centres and clouded s lope s by the 
late mornings. In the evenings the pattern is o f ten reversed wi th 
clouded basin centre s and cleared slopes. As McAlpine ( 1 9 7 0 )  wrote , ' in 
the night clear skies  commonly prevail overall , after which a situa tion 
of  temper ature invers ion frequently occurs which resul ts in early morning 
fogs over basin floors '. 
This general pat tern is confirmed by meteorological records ( lasting 
1 0-24 years ) from the intermontane parts of the Goroka-Mt Hagen d i s trict 
at  1 200- 2000 m (McAlpine 1 97 0 ). Here the mean annual rainfall i s  about 
1 7 5 0-2 500 mm, being least in the centres  of the intermontane bas ins and 
9 
ris ing towards their per ipher ies . Supe rimposed o n  this pat tern i s  a 
general increase in rai nfall 
decrease in the dryne ss o f  the 
wes twards , which 
dry season . The 
arises chi efly f rom a 
d ri es t  mo nths are 
generally June-July ,  but even the driest areas ,  around G oroka and 
eastwards , have a rainfall far above the 1 400 mm tha t  i s  needed to 
maintain ' Montane Moi s t fores t '  ( Rain forest o f  mos t  authors ) in Africa 
( Zamierowski 1 9 7 5 ) , and there are  generally only 3-4  months with means o f  
less than 1 00 mm . McAlpine 
var iabi lity is generally small ,  
( 1 97 0 )  emphasi ze s that the year to year 
the standard devi ati on of the to tal 
annual rainfall be ing.£.· 1 5% of the mea n in more than 10 years ' record s . 
In mos t  years at  Go roka there i s  likely to  be one ' dry spell ' per year 
with rainfal l l e s s  than calculat ed potential evapo ration for at least  
four weeks , and at  least  one o ther las t ing at least  three weeks . The 
soil water s torage at Go roka has been predicted on a weekly bas is  for a 
1 5-year period by McAlpine & Short ( 1 9 7 4 ) ; they used a computerized 
mode l , which incorporates e s t imated weekly evapo transpiration , actual 
weekly rainfal l , and t he assumption that the maximum a vailable wa ter 
s torage is 1 550 mm . They d id not g ive detailed resul ts for Goroka , but 
placed that station in a group wi th 1 3-60 ' drought periods ' ( weeks wi th 
les s than 50 nnn water store) in 15 years , i . e .  an ave rage of 1-4 per 
year . In cont ras t ,  they predicted tha t  the water s tore never fell below 
1 00 mm at Mt Hagen in the 1 5-year per iod . In the exceptionally d ry 
year s , which occur about once in two decade s , 1 9 7 2  being one such , much 
of the damage to crop plant s is caused by ground fro s t s  ( see be low) . 
The mean annual temperature at Goroka ( 1 590  m) is  20° C  and the mean 
diurnal range i s  .£_• 1 1° ,  ' twice that in the wet lowlands ' ( McAlpine 
1 9 7 0 ) . The annual mean r elati ve hum idity at  Go roka at 0900 hr i s  87% and 
1 0  
at 1 5 00 h r  5 7 % . The 1 500 h r  f igure i s  markedly higher at Mt Hagen 
fur ther wes t ( 67 % ) . There i s  l ittle month-to-month var iat ion ( range of 
6% at G oroka , 7% at Mt Hagen ) . The mean annual cloudine ss a t  both 0900 
hr and 1 500 hr is  6 / 8 at  G oroka ( 7 /8 a t  Mt Hagen) with very l i ttle 
s easonal variation . F igures for br ight sunshine are available for 
1 9 6 9- 1 9 7 1  from the Tropical Highland Pig Breed ing and Research Station on 
the out skirts of  G oroka (�. 1600 m alt . )  by courtesy o f  the Manager , Mr 
N .  Clark . The yearly means were 5 . 4 ,  5 . 9 and 6 . 0  hrs per day ( see Table 
1 . 1 ) . There is a poor correlation with rainfall , there bei ng 6 . 5  hr in 
January 1 9 7 1  (we t )  and 5 . 8 hr in July 1 9 7 1  ( d ry) . The annual average i s  
a little lower ( 5 . 1  hr) a t  Aiyura ( 1 800 m alt . ,  2 1 7 0  mm rainfall) , c .  6 5  
km E . S . E .  of G oroka ( McAlpine 1 97 0 ) . 
In our s tudy area pr imary data are available for the Lower Montane 
Zone only (�. 2 500-2600 m) and consist of a rainfal l record for December 
1 9 7 0  - Augus t 1 97 1  made by Edwards ( 1 9 7 3 ) with two s tandard 5 in . ( 1 3  
cm) gauges in large c learing s (�. 5 0-60 m acros s )  in the primary fore s t , 
a rainfall record for the per iod 1 96 9- 1 9 7 1  made by the s t aff of the 
Mara funga sawm ill using a gauge on a po st  nearer to a house than would 
have bee n  ideal (�. 10 m away) , a record of bright sunshine for the 
period January-December 1 9 7 1  made by the sawm ill s taff wi th a Campbel l 
Stokes recorder on a po s t  on a knoll near the same sawm ill and wi th a 
satis factorily unobs t ructed horizon ( record s in the charge of R . A .  
Hyne s , Augus t-December 1 97 1 )  and records o f  maximum and minimum 
temperatures made by Edwards  ( 1 973 ) for the period Decembe r 1 9 7 0-Augus t 
1 9 7 1 at  l i t ter level a t  four s ites  in primary fores t with reading s  t aken 
every two weeks . 
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FIGURE 1 . 4 Mont hly to tal s of ra infall ( ) and number s of  rain-days 
per month ( ----- ) at the Marafunga Sawm il l ,  January 1969  -
June 1 97 1 . 
The annual t otal rainfal l recorded at the sawm i ll was c .  1 56 in . 
( 3 960 mm) in 1 969  and 1 58 in . ( 4 0 1 0  mm) in 1 97 0  cf . the long- term 
mean of 187 0 mm a t  Goroka . Records after June 1 9 7 1  could no t be 
obtained . The records at the sawm i ll were compared wi th those made in 
the forest clear ings for the period 1 8  December 1 9 7 0  - 9 May 1 97 1 .  There 
were 62 . 5 6  in . ( 1 589  mm) at the sawm ill , 6 2 . 42 in . ( 1 585  mm) a t  the 
ridge s ite in the fore s t  and 68 . 3 2 in . ( 1 7 3 5  mm) at  the gulley site . 
The agreement be tween the sawm i ll s ite  and the o ther s for sho r ter per iods 
was much less c lo s e . On the o ther h and , the excess  at the gul ley ' s ite  
was recorded by Edwards for  every individual two-week period . The 
records at the sawm i ll were  generall y  taken at 0800 hr ever y  day but some 
records span two or more days . In 1 9 6 9  there were c .  235  ' rain days ' 
1 2  
( days wi th 0 . 01 i n .  or more recorded ) and in 1 9 7 0  .£· 1 9 6. The monthly 
totals of rainfall and the numbe rs of rain-days are s hown in Fig .  1 . 4 .  
The we ttest  months were generally Oc tober to April , but longer- term 
records might have narrowed the period of maximum fal ls to  December-Apr i l  
as at Goroka . The dry season seemed to  b e  less  marked and later than 
usual in 1 9 7 1  ( c f .  Fi g .  1. 4 ). Tempe ra ture on the fore s t  f loor ranged 
from 5 °  to 22 ° ( generally 8-1 7 ° ) .  A mean of c .  14 . 3 °  would be expected 
from the mean for Goroka ( 2 0 ° ) and a fall of 0. 6 °  f or 1 00 m o f  a l t i tud e ;  
thi s is  d i s t inct ly higher than the me an of the mean maximum and me an 
minimum recorded , .£· 1 3 °. We never experienced fro s t , although McAlpine 
( 1 97 0 )  referred to  frequent fro s t  above 8500 ft ( 2 5 90 m) , but , according 
to Mr A .  Beatty of the sawm i ll , ' snow fell' in 1 963 ( r ime fros t? ) and 
' lay for a long t ime , about s ix weeks' { occurred repeatedly during tha t 
t ime? ) .  Tree ferns were the plant s mos t  obviously damaged by the cold . 
In dry years fros t occur s in sui table defores ted depress ions a s  low a s  
1 500- 1 600 m ( Brookfi eld 1 9 6 4 ; Brown & Powe ll 1 97 4 ). Such fro s t s  should 
not occur in c losed fore s t  becaus e the air that is coo led by the 
uppermo st canopy rapidly s i nk s  and is warmed by the plant par t s  below 
( van Steeni s 1 96 8 ). This  pro tec t ive effect  will not occur in large 
clear ings and must d imini sh wi th altitude as  the fo re s t s  decrease in 
s tatur e and become more open . 
The daily average of br ight sunshine in 1 9 7 1  was 3 hr 3 3  min ( Table 
1. 1 )  only 60% o f  the mean a t  Goroka . Thi s decrease i s  related to 
increased cloud ing and rainfall with increased al t i tude , but as a t  
Go roka , there i s  a very poo r  negative correlation between monthly bright 
sunshine and monthly rainfall ( cf. Table 1. 1 and Fig . 1. 4 ) . No t a 
s ingle total ly c lear day was recorded a t  Marafunga Sawm il l  in 1 97 1. 
�: 
30 
... Q) a. 
Q) 20 
c 
·-
.£:; '1l c 
� 15 
� 
.£:; 
Cl 
·-
... 
..a 10 
� 0 
'1l Q) � 
::J 5 
c 
·-
� 
0 . 
06 fJ/ 08 09 10 11 12 13 14 15 16 17 18 
Hgurs of day 
13 
FIGURE 1 . 5  Average diurnal di stribution of bright  sunshine at Marafunga 
Sawm ill in January-December 1 97 1 . 
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TABLE 1 . 1 .  
MEAN DAILY AMOUNTS OF BRIGHT SUNSHINE DURING 1 9 7 1  
AT MARAFUNGA SAWMILL 
Janu ary 4 h 8 min * July 
February 2 h 3 5  min * Au gust 
March 0 h 4 1  min * September 
Apr il 3 h 4 8  min Oc tober 
* Ma y  3 h 1 4  min November 
June 4 h 44  min ** De cember 
Whole year 3 h 33 min 
* Records for 1 or 2 days mi ss ing . 
** Records for 4 days mi ss ing . 
4 h 1 8  min 
6 h 34 min 
5 h 7 min 
1 h 2 min 
3 h 34 min 
3 h 4 min 
The diu rnal distribut ion of bright sunshin e  in the Fat ima basin i s  
shown in Fig . 1 . 5 .  A s  expec ted , the hours wi th mos t  bright sunshine were 
0800- 1 100 hr , after the c learance of val ley mist and relatively low c loud 
and be fore the development of ove rhead cloud and rain . The regular 
decrease in bright sunshine from 1 1 00 to  1 800 hr is  perhaps les s 
expec ted . Certainly there were many days when the c loud c leared in the 
late afternoon and the su n shone . Overal l ,  the e ffects of such days on 
the record were swamped by days c lear only in the morning and early 
afternoon and with the chance of overhead cloud-development increasing 
through the day . 
Clou d ,  whose lower l imit coincides very approximately with the lower 
l imit of the Upper Montane Rain forest , usually developed on the slopes 
of Mt Kerigomna in the late morning thou gh there were many days in the 
' dry ' season when thi s did not happen . The night s , e specially dur ing the 
' dry ' season , were often c lear and fol lowed by a temperature inversion 
wi th early morning mis t  in the val ley or cont inuous relatively l ow c loud 
overhead . 
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In short , the air mas s  in the bas in of ten behaved as an isol ated 
mas s  l ike that in the much l arger but consi derabl y l ower ba si n  
surrounding G oroka , al though there was more rain and overhead cl oud . 
Invading air mas ses were , of  cour se , very frequent and rel at ivel y  heavy 
rain was common in the afternoon , evening and night . The se fall s were 
not heavy by worl d  s tandards . Dail y  fall s o f  over two inches ( 5 1  mm )  
were recorded 12  t ime s in 1 9 6 9 , 1 1  t imes in 1970  and 8 t imes in January 
to June 1 9 7 1 . There wer e  no certain dail y  records o f  ove r four inches 
( 1 02 mm) . 
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F IG URE 1 . 6  Numb er s  of  rainless spell s of different dura t ion at Marafunga 
Sawm ill in ( a ) 1 96 9  and ( b ) 1 9 7 0 . 
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The incidence of  d r y  spells  of dif ferent length is shown in 
Fig. 1 . 6 .  Every year the fore st  may be expec ted t o  suf fe r  three to f ive 
totally rainless period s  las t ing 6 or more days dur ing the months of May 
to Augus t. Spells o f  4-5 dry days can occur in any month. The to tally 
rainl e ss periods of 6 or more days in May to August  are mos t  of ten 
separated by sub s tant ial falls ( )5 0  mm). However , all the sur faces o f  
the forest  can dry out very e ffectively and the non-vascular epiphytes 
become desicca ted dur ing the individual dry s pells o f  6-8 days and during 
months when the absolutely dry s pells  do no t las t  more than 5 days but 
total rainfall is < 1 00 mm , e. g. August 1 97 0 .  We d id not witne s s  wi l t ing 
of vascular plants , and the impre ss ion gaine d  is tha t  the wa ter shortage 
in the soil wa s never subs tantial. However ,  Ed wards ( 1 9 7 7 ) found som e 
evidence of increased lit ter- fall a t  a ridge-site compared wi th a gul ly 
site in the dry season o f  1 9 7 1 . 
The only detailed micro-me teorological r ecords available for Lower 
Montane Ra in fore st are those o f  Brown ( 1 919 ) f or a forest  a t  740  m in 
t he Philippines and Grubb & Whi tmor e ( 1 966 , 1967 ) for a for es t  at 1 7 1 0  m 
in the Ecuadorian Andes. The great d i f ference between the se sites  and 
the much higher-altitude site  in the F atima basin is  the lack of fog in 
the latte r ;  during our s tudy period we wi tnessed early-morning mi s t  in 
the val ley near the sawm il l  and e arly-morning low- leve l cloud ove r the 
ba sin following temperature invers ion but we never saw f og ( i. e. c loud 
pervading the fore st  to head height and reducing visibility to less  than 
1 km ) . The amount o f  fog i s  not related to the total rainfall , c. 4000 
mm in the Fatima basin but only.£· 2 200 mm at the Andean s i te and c. 
2 7 00 mm at the Phil ippine site. 
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Compar ison wi th Mt Wilhelm 
Information on the climate o f  the Upper Montane and Subalpine Zones 
on Mt Wilhelm , c .  2 5  km nor th of Mt Kerigomna , given by McV ean ( 1 9 69) ,  
Wade & McVean ( 1 9 69 ) , McVean ( 1 974) and Hnatiuk ,  Smi th & McV ean ( 1 97 6) , 
i s  likely to apply also t o  Mt Ke rigomna . The mo s t  obvious d i f ference 
from the Fat ima Bas in is the inc idence of fog on Mt Wilhelm , especially 
during the period Decembe r-May . As at lower altitudes , t here are on 
Mt Wilhelm many almo st  totally c lear days wi thout rain in the pe riod 
May-July . This i s  certainly true of Mt Otto  a s  wel l . In June and July 
1 9 7 1  the southern s lopes of that mountain right up to the summ i t  ( 3 540 m) 
we re very of ten c learly vis ible from Go roka for all or mos t  of the day . 
The important dif ference between Mt Wilhelm and the Fatim a  bas in in the 
incidence of  fog appear s  not to be reflec ted in the hour s of bright 
sunshine ; Hnatiuk et al . ( 1 9 7 6) gi ve an estimate of  1000 hr per year at 
c .  3 500 m on Mt Wilhelm , not much less than our value of  c .  1 200 hr for 
the Marafunga Sawm il l . 
Hnatiuk e t  al . ( 1 9 7 6) ,  using incomplete records , e s t imated the 
ann ual total of rainfall a s  c .  2900 mm at 4380 m ( Alp ine Zone ) , E.: 3450 
mm at 3480 m ( the Upper  Montane-Subalpine Tr ans i t ion) , c .  2400 mm at 
3 2 1 5  m ( the middle of  the Upper Montane Zone ) , and c .  2280 mm at 2 5 1 0m 
(Lower Montane Zone , Kegsugl a t  the head of the Chimbu V a lley ) . Taken 
toge ther wi th the f igure of �· 4 660 mm at Bundi ( 1 400 m) on the nor th 
s id e  of  the Bismark Range , the se figures show a c lear rain-shadow effect 
on the southern sl ope s , pa s sing down into the relatively narrow Chimbu 
val ley . There i s  a les ser decrease in rainfall pas s ing ove r the lower 
ridge s wes t  of Mt Wilhe lm to Kerowag i with i t s  total of �· 2 9 1 0  mm, and 
east of Mt Wilhelm down to the Fat ima basin wi th its  total of  c .  4000 mm . 
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Rainfall on Mt Ke rigomna may be appec iably greater than on the southern 
s lopes of Mt Wilhelm . Cons idering the whole Bi smark Range i t  i s  l ikely 
tha t the to tal rainfall varies  be twe en 2 000 mm and 5000 mm in the Lower 
Montane Zone and between 2 300 mm and a t  leas t 3 500 mm ( pe rhaps 4000 or 
5 000 mm) in the Uppe r Mon tane and- Subalpine Zones . As McVean ( 1 974) has 
empha s i zed , there i s  no evidence of a general decrease in rainfall ( o r  
cloudine s s )  above the Upper Montane Zone i n  the B i smark Range. Since the 
absolute rainfall values a re all  so high , the d i f ferences are unl ike ly t o  
have much b iological s igni f icance - d i f fe rences i n  inc idenc e of f o g  a re 
much more like ly t o  be impor tant , a s  in the Lower Montane Zone ( see 
above ) ,  and pos s ibly also  d i f ference s in the length of  drought per iods. 
Hnatiuk et  al. ( 1 97 6) r ecorded rainle ss spells  o f  up to  2 2  days in the 
dry s eason , but spe lls of l e s s  than half this length are more general. 
McVe an ( 1 9 74) recorded rainle s s  spells  of  up to only 6 days and such 
spells  occurred only twic e in four years. Even a llowing for greater 
obs erve r error at  the Marafunga sawm il l , the d ry spells  do seem to  be 
longer and more frequent there , despite the much greater total o f  
rainfal l ( cf. Fig. 1 . 6) .  The f requent occurrence of short pe riod s  of  
l ow relative humidity ( mos tly 40-80% in  spells 5-30 minut es  long ) at  
c. 3 500 m on Mt Wilhelm has been documented by Hnatiuk e t  al. ( 1 9 76) .  
Such dry periods appear to resul t  from the subs idence of dry 
high-al t i tude air ma sses. I t  i s  no t known whe ther they have any 
s igni fi cant effec t s  on plant s , or whe ther they occur at a l t i tud es 
apprec iably less  than 3 500 m. 
Hnatiuk e t  al . ( 1 9 7 6) r ecorded tha t ground fro s t  was frequent in 
the valley grass land a t  3480 m on Mt Wilhelm ,  but only occas iona l  a t  3 2 1 5  
m. At 3480 m the annual mean of  the monthly mean maxima and minima for 
1 9 6 5-72 was 7 . 8 ° , the lowe s t  screen minimum -0 . 8 °  and the highes t  maximum 
1 6 . 7 ° .  Evidence is presented later that the lower limi t o f  the Upper 
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Montane fore s t  i s  a t  c .  3050 m on the south s ide of  Mt Wilhelm and on 
t he east s ide of Mt Ke rigomna . The lower limit of what we call the true 
Subalpine lies at c .  3 500 m on bo th mountains . Wi th a fal l of 0 . 6° per 
1 00 m ( sugge sted by McV ean) t he range of mean temperatur e  in the Upper 
Montane is c .  7 . 5- 1 0 . 5° so  that a mean of c .  1 0- 1 1° repr esents the 
coolest temperature regime tolerated by Lower Montane Rain fore s t  in a 
vir tual ly fog-free s i tua tion . 
Smith ( 1 9 7 7 ) has shown that the daily maxima are higher on 
east-facing s lopes than on west- facing slopes above the tree-l ine on 
Mt Wilhelm , and tha t  the upper and lower alt itud inal limit s  of  many 
non-arboreal spec ies are higher on east-facing s lo pe s . He has explained 
these effects in terms of the lesser incidence of d irect radiation during 
the afternoon when the c loud-obscured sun i s  oppo site west- fac ing slope s . 
Comparable effects are likely t o  be seen in the Subalpine and Upper -
Montane Fores t Zones , but have yet t o  b e  documented . 
Hnatiuk e t  al . ( 1 9 7 6 )  r ecorded very f ew s trong winds on Mt Wilhelm 
( o ther than in the summi t region) , and we d id not witness  any in our 
s tudy area . 
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PLATE 5. Pro file o f  Lower Montane Rain forest  at the side o f  the plot  
felled for determination o f  biomas s .  No te men by t ent as s cale 
obj e c t s , well-formed b o les , frequent climbers , patches of bamboo , 
and tall Pandanus . Pho tographed P . J . Edwards, May 197 1. 
2 1  
( c )  Vege tat ion-type s 
The alti tud inal l imi t s  of  the var ious vegetation type s are 
summarized in Fig . 1 . 7 ,  and the cri teria used to d i s t inguish the various 
type s of rain fore s t  set out in Table 1 . 2. 
Mount Ker igomna summ i t  ( 3670m )  
with rad io repeater stat ion / /3550 m Extensive secondary grassland 
R idge on eastern  rim of 
Fat ima bas in  with mostly 
d isturbed LM RF 
, /3400m in  which  we camped 
Subalpine j /I? originally L M R F ) / / / 3050m Vegetat ion badly d i sturbed 
Rain 
\ 
I 
/...-----2 s so m  Valley grasslands 
forest L \ 
Transition 
1 7 
forest 
( Lower Subalpine Upper Montane Marafanga 
Ra in  forest area sawmil l  
- -\ -forest of Wade & 
( M a i n  about here L M R F  McVean ) assoc iation ) 
Extensive L MRF, 
a l l  
secondary 
or damaged 
River Fat ima 
Pass 
th rough wh ich 
road was built 
part ly secondary after 
fe l l i ng  1963 -70 
FI GURE 1 . 7 Diagramma t ic we s t- t o-east sect ion of Mt Kerigomna and the 
Fatima basin showing the d i s tribution of the ma jor 
vegetat ion-type s. 
Lower Montane Rain Fores t .  ( LMRF ). 
In 1 9 7 0  much o f  the Fatima basin was s till covered in mor e  or less 
pr imary forest . This could read i ly be a s s igned to the Lowe r Montane Rain 
fore s t  formation- type ( Table 1 . 2 ) . Be sides thi s primary fore s t  there 
were large areas o f  recent s econdary fores t ,  the r esul t of  seven or eight 
years' logging . There were also sev eral extens ive valley g ra s s lands , one 
of them occupying the valley , a t  the side of which the Marafunga Mi ll was 
placed ( Fig. 1. 3 and Front i spiece ) 
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TABLE 1 . 2 .  
THE CHARACTERS GENERALLY USED IN DEFINING FOREST FORMATION-TYPES 
ON WET TROPICAL MOUNTAINS . 
The most useful characters are underlined . Based chiefly on Grubb et al . 1 963 , 
Grubb 1 974  and Whitmore 1975 
Formation-type Lowland Lower Montane Upper Montane Subalpine 
Rain fores t  Rain forest Rain forest Rain fores t 
Abbreviations used LRF LMRF UMRF SARF 
in this paper 
Height of forest  (m) 25-45 15-33 15-18 1 . 5-9 
( emergents in brackets)  ( -67 ) ( -45 ) ( -26 ) ( - 1 5 )  
Dominant leaf-size Mesoehyll Notophyll Microphyll. Nanophyl l 
class of trees & shrubs or 
(� Webb 1959 ) Mesoph;lll 
Butt resses  Usually Infrequent Usually None 
on trees frequent or small none 
- ---
and large or both 
- --
Cauliflorous Frequent Rare None None 
tree species 
Compound leaves Abundant Occasional Few None 
on trees 
Drip-tips on Abundant Frequent or Few or None 
leaves occasional none 
Climbers Thick-stemmed Thick-stemmed Usually Very few 
woody seecies woody seecies very 
frequent usually none ; few 
other species 
often frequent 
Vascular Frequent Abundant Frequent Occasional 
epiphytes_ 
Notes 
-1-.--No mention i s  made of ' storeys ' or ' strata ' of  species . It i s  not accepted that 
strata of species can generally be distinguished and it is clear that the 
naturally separable s trata of individuals on a particular site  depend on i t s  
regeneration status ( Grubb e t  al . 1963 , Grubb 1966 ) . 
2 .  No use i s  made of the degree-o"'f'"'mos syness ' as this varies so much wi thin each 
formation . 
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Primary Fore s t . The pr imary fo res t  was generally about 30 m tall and 
very rich in tree species - 1 1 9  being recorded ( Chapter 2 ) . There were 
frequent emergent s of  Dacrycarpus and Podocarpus and occasional emergent s 
of  various dicot s ,  all reaching 3 3-37 m .  On a wor ld s cale , thi s fore s t  
was both very t all and very r ich i n  s pecies f o r  i t s  alt i tud e . It  was a 
f ine high-level example of  the ' Mixe d ' ( Cunoniaceae-
Elaeocarpaceae-Lauraceae-Podo carpaceae ) Lower Montane Rain Fores t o f  
Robbins ( 1 9 7 0 ) . From t he out s ide the tone of  the canopy appeared very 
mixed , ranging from the very dark crowns of Dacrycarpus and Podocarpus t o  
the very pale crowns o f  Macaranga albescens and certain Lauraceae wi th 
glaucous undersides t o  the i r  leaves . Dr M . C .  Ander son ( CSIRO , Canberra ) 
t ook some ' false-colour ' infra-red pho tographs from the air and the se 
contrasted the great absorptivity of  the podocarps and moderate 
absorptivity of mo st dicots with the great reflec t ivity of the isolated 
euc alypts planted along the earl ier-built t imber-extrac t ion roads . 
The penetrability of the forest varied but walking through i t  where 
there had been no human d i sturbance was easy , despi te the fai rly frequent 
fal len t runks on the ground . Matur e trees of Dacrycarpus cinctus , 
Podocarpus archboldii and Elaeocarpus ptilanthus reaching more than 2 . 5  m 
in circumference were qui t e  common , and very rarely Caldcluvia nymani i  
att ained thi s  girth , but mos t trees d i d  not reach gir ths o f  more than 1 . 5 
-2 . 0  m .  Mo s t  of  the t al l  trees had wel l-formed columnar trunks ( P late 
5 ) . But tresses  were not frequent and reached only 0 . 5  m high or les s . A 
s t i l t-rooted Pandanus sp . growing to  24  m was widely di s tr ibuted and 
common . 
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Va scular epiphyt es we re very numerous in the crowns o f  the larger 
trees and occurred on many boles. There we re about as many spe cies o f  
vascular epiphytes (mo s tly orchid s ,  ferns and Er icaceae) as  o f  trees. 
However , the forest was no t par ticularly " mossy". The bryophyte cover on 
mos t  trunks was spar se and long-pendent species in the underg rowth were 
dec ided ly rare. Epiphyl lous species  were no t at  all frequent. As noted 
earlier , we never experienced fog in the Fatima basin , where the general 
relat ive pauc i ty of  ground-dwel ling ferns , e specially tree ferns , wa s 
probably another dryne s s- indi cator. One very mos sy s tretch of  fores t was 
seen on the col a t  the point where the road up to Marafunga from Asaro 
began to descend - there blown c loud ( fog ) was common. In ce rtain deep 
gullies that are more or less  permanently damp , a d i s t inc t ive flora wa s 
found , typified by t he tree f ilmy- fern Leptop ter i s  alpina ( Osmundaceae ). 
We several t imes witnes sed the fact that the fo rest away from the se 
gullies could dry out down t o  ground level despi te the rainfall of  c. 
4000 mm per year , the leaf l i t ter becoming q ui t e  dry. As Edwards ( 1 97 7 ) 
ha s po inted out , the drought i s  greatly exaggerated on the fore s t  floor 
in a tall fore st  during a prolonged per iod of only l ight rain because of 
the grea t interception by the canopy. 
Wo ody climbers were numerous ( 44 spe cie s ) , some wi th stems often 5 
cm thick , but none wi th the very thick s tems typical o f  Lowland forest  
lianes. Two species o f  ' leafy' climbers ( Fr eyc ine t i a , Pandanaceae ) were 
par ticularly common and noticeable. The scrambl ing bamboo , Na stus 
productus , wa s locally abundant , espec ially in  clearings. 
The shrub and herb layers we re very variable in dens ity but 
general ly pr ominent , and re la t ively r ich in species compared wi th mo s t  
Lowland Rain forests  or wi th the Upper Mont ane and Subalpine fores ts. 
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There wer e , of course , many fewer species of these life-fo rms than of 
trees - only 32 of shrubs and 37 of herbs . Mos t  of the herbs were rather 
fleshy-leaved , notably members of the Gesne riaceae ( Cyrtandra ) , 
Urticaceae (Elatostema ,  Pilea ) , and Zingiberaceae ( Alpinia , Riedelia) .  
There was a more or less  cont inuous leaf lit ter . F i lmy f erns were absent 
at ground level and mos s e s  infrequent - jus t  occasionally one met a tall 
c lump of  Dawsonia . 
The prec i se extent of interference by man before logging began was 
unclear but some areas , e spe cial ly those  near the ma jor traditional 
tracks , were defic ient in large trees and rich in scrambling bamboo . 
There i s  no doubt that the ind igenes have for some time felled scattered 
tall trees in order to catch cuscus (Phalanger ve sti tus Milne-Edward s )  
taking refuge i n  the crowns , but there were no obvious s igns o f  pas t  
cul tivation . This i s sue i s  cons idered i n  more detail in Chapter � in the 
context of regenerat ion and of floristic variation between different 
areas . 
Secondary Forest . The secondary fo rest that had developed after logging 
var ied a good deal , but as a who le differed markedly from the primary 
forest in its lower s tature ( 3-6 m wi th only s cattered remnant trees to 
30 m) and its impenetrabi l i ty . I t  was dominated by a handful o f  species , 
all o f  them rare or absent in the primary fore s t . Two of the se ( Dodonaea 
viscos a ,  Saurauia scaberrima ) were found growing i n  the d i s t inctive open 
scrub on the gravel terraces o f  the River Fat ima , unfortunately destroyed 
during the road-building operat ions of the logging company . These gravel 
terraces harboured some of the few spectacular flowers in the area : 
Rhododendron macgr egor iae , !.=._ phaeochitum and R .  herzogi i ( P late 1 0 )  and 
a few o rchids . 
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Gras slands . The valley grassland s c learly occupied areas wi th gentle 
slopes , some t imes ' per ched' above the valley floor . The soil in them was 
very we t to walk in after rain , and wa terlogging must  be a ma j o r  factor 
in their development ( s ee Chapter 2 sec tion c ( i i ) ) .  They we re ' dul l' in 
appearance , generally wi thout prominen t herbs although the slender 
shrubby Hype ricum bifurcatum was q ui te common . They had almo st  certainly 
been burnt freq uently in the pa s t . The j unct ion be tween fore st  and 
gras sland seemed to be charac terized by a number of species no t found 
elsewhere but only a brief s tudy wa s made ( by P . F . S . ) . 
The natural upper limit of  the Lowe r Montane zone in the Fat ima 
bas in was never establi shed c r i t ically . On the main t rack to the Chimbu 
valley and to Mt Kerigomna , forest obviously ass ignable to the Upper 
Mon tane Ra in fore st format ion- type was suddenly encountered when one 
surmounted a s teep- s ided r idge at �· 3050 m .  The vegetat ion near the 
trail on the slope at 2 8 50-3050 m was badly dis turbed . Be low c .  2850 m 
there had certainly been Lowe r Montane forest , and thi s  had been logged 
some years before our vis i t . On the track up to Mt Wilhelm from 
Keglsugl , which ascend s  gradually along the Pengagl Creek , there is  a 
sub stant ial remnant of Lowe r  Montane forest extending to c. 3050 m and 
t hi s make s it reasonable to suppo se tha t  the natural change may have been 
at about this altitude on Mt Ke rigomna . On the o ther hand the re may have 
been a trans i t ion forest  a s  encountered on Mt Otto ( Chapter 3 ) . 
Upper Montane Ra in Fore s t  (UMRF ) 
The Upper Montane Ra in fore s t  on the ridge along the Ke rigomna trail 
a t  c .  3 050-3100 m wa s c .  1 5-2 1 m tall wi th ind i s t inc t ly emergent 
Dacrycarpus , Podocarpus and ( le s s  of ten)  Papuacedrus , all of  which 
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reached about 2 4  m but rarely exceeded 2 m in gi rth . The dicots  had much 
less  well-formed boles  than in the LMRF and rarely exceeded 0 . 9  m in 
girth . Nearly 7 0  s pecies  o f  trees  and shrubs were recorded . These had 
smaller leaves on average  than the LMRF [ nanophyl ls , microphyl ls and 
notophyl ls rathe r  than microphyl ls , notophylls and mesophylls sensu Webb 
( 1 9 59 ) ]  but thi s wa s not an immediately obvious fea ture nor was the 
rather greater mos sine s s  of the forest or the fall in numbers  of vascular 
epiphytes . 
When compared to the LMRF , there was a dramatic  reduc tion in the 
number of specie s o f  herbs , and of bo th species  and ind ividuals o f  
climber s .  Scrambling small- leaved Rubus s pecies  became rather  common in 
dis turbed areas . The pene trability of the fo rest  varied but was in 
general less  than in the LMRF because of  the lower branching of the 
trees , the presence of some coppice- form trees  and the relatively high 
dens ity of the sapl ing-po le l ayer . The leaf-litter was les s  cont inuous , 
and mo s ses  and filmy f erns we re frequent at  ground level ( up t o  3 0% cove r 
locally) . This  development presumably reflec t s  the frequent fogging and 
the lower and more open canopy. 
One marked ind icator of  the change in forest-type was the dropping 
out of Pandanus . Only four tree s were  seen , pos sibly plant ed at the edge 
of the very big gras s-dominated area to which the ridge led . From higher 
up it  was obvious that thi s gras sland area again o ccupied a relatively 
gentle slope and it is l ikely that  the fac tors  that have cont rolled i t s  
development a r e  the same a s those  applying to  the grassland S OO m lower 
down . Cyathea s pecies  were  more  abundant in thi s upper gras sland area 
( see Cover pho tograph ) . 
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PLATE 6 .  View of Upper Montane- Subalp ine Trans it ion fore s t  f rom the track 
to the summi t of Mt Kerigomna ( c .  3500 m) . No te  open upper 
s torey , chiefly of Dacrycarpus compac tus , and compact lower 
storey o f  dico tyledons . Pho tographed P . J . G . May 197 1. 
PLATE 8. Int erior o f  true Sub alp ine fore s t  near summit o f  Mt Kerigomna . 
No t e  slender s t ems , small leaves , relat ively small development o f  
ep iphyt ic bryophytes and lack o f  any prominent vas cular ep iphytes . 
Pho tographed P . J . G . May 197 1. 
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The fore s t  from the edge of  the gra s s land up to c. 3400 m was 
essential ly the s ame as that on the ridge at  c. 3050-3 100  m but with 
increas ing alt itude the dico t s  generally g rew to lesser  he ight s ( only 
6-1 2 m) while the gymnosperms still  grew as tall and became clearly 
emergent. The se emergent s were themselve s  dark in tone but picked out 
very often by an abundance of  cream-coloured beard- l ichens ( Usnea s pp. ) ,  
more so  than in the LMRF and e specially so on the r idge- tops.  There were 
no prominent pale-coloured crowns. Thus the canopy,  seen from out s ide , 
showed less  var iety in  tone than that  o f  the LMRF. 
At c .  3400 m t here was a change to a mor e open fore s t  wi th a 
markedly discontinuous upper canopy and many f ewer s pecies  o f  t rees  and 
shrubs ( P late 6 ) .  Mo s t  woody d icotyledons grew to only 4-8 m and there 
was a d i s t inctive upper s to rey o f  abundant Dacrycarpus , o ccasional 
Schefflera and rare Podocarpus reaching 1 2 - 1 5  m. The lower storey 
general ly appeared br ight green , mainly due to the abundance of a 
subalpine form of  Rapanea cf . vacc inio ides , whereas the upper s torey 
appeared dark. The lower s torey formed a thicket , generally hard to 
penetrate , because the trees o f ten assumed a shrub- form ,  branching a t  the 
base . The l i tter  wa s more s parse on the ground ; mos s e s  in that layer 
were more abundant but the filmy ferns dropped out. The change at c.  
3 400 m cor respond s  wi th the change from ' Cloud Fores t '  to ' Lower 
Subalpine Fores t '  recorded by Wade & McVe an ( 1 969 ) and s een by both of  us 
independently on Mt Wilhelm at about the same altitud e . On average the 
leaves  were smaller than in the UMRF ( Chapter 3 )  but thi s f eatur e  was not 
obvi ous in the f ield. Few s pecies o f  any l ife- f orm wer e  exclusive to 
thi s ' Lower Subalpine Fores t ' .  None o f  the five exclus ive-cum-cons tant 
indicators quo ted by Wade & McVean ( 1 9 69 , p. 4 3 )  for Mt Wilhe lm behaves a s  
exclusive to thi s forest- type on Mt Ke rigomna . We prefer to treat i t  a s  
30 
PLATE 7. View of true Subalp ine fores t , looking northward along the ridge 
o f  Mt Kerigomna from the summit , showing dark Dacrycarpus and 
paler dico tyledons . No te non-emergence o f  crowns o f  Dacrycarpus . 
Pho tographed P . J . G . May 197 1. 
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a fo rest o f  tran s i t ion and include i t  as a n  impoveri shed assoc iation 
wi thin the UMRF forma tion ( Chapter 3 ) . 
Subalpine Rain Fores t ( SARF) . 
At c .  3 5 5 0  m there was a fur ther change in the obvious species . 
Dominance by nanophyl ls and leptophylls s ensu Raunkiaer ( 1 934 ) became 
appar ent . Mo re s pe cies d ropped out and many new one s  came in ( Chapter 
3 ) . The s truc tur e of  the fore s t  d id no t change greatly , wi th the dico t s  
forming a t angle of  crooked t rees and large shrubs growing to 4-7 . 5 m and 
the only remaining emergent ( Dacrycarpus ) growing to 1 0- 1 2  m .  There was 
again a s t rong cont ra s t  in tone be tween mo s t  of the dicots  ( bright ) and 
the Dacrycarpus ( dark ) . Mo st of  the d ico t s  pr oduced only thin stems 
( P late 8 ) , but the podocarp a t t a ined a gir th o f  0 . 6-0 . 9  m .  This fore s t  
cont inued u p  to the summi t ridge . Very i nteres ting ly the podocarps were 
not emergent on the uppermos t  5 0  m of the mountain ( Plat e  7 ) . There was 
no s ign of  trimming of the t rees  by wind . Excess  managanes e  may pos s ibly 
have been respons ible ( se e  sect ion ( d ) , below) . The herb layer was 
charac terized by fr equent Gleichenia bolanica ; a few o ther d i s t inc t ly 
subalpine species were rare or occas ional , e . g .  Trachymene 
s aniculifolia . The l i t ter was s parse as  in the ' Lower Subalpine Fores t '  
and the ground cover o f  mos s e s  abundant . Al though mos s e s  are abundant in 
thi s dwarf fore s t  they do no t c lo the the stems in g reat swathes as in , 
e . g . , the Upper Montane Ra in fores t at 1 5 50 m on Kol ombangara in the 
Solomon I s land s where t empe ratures  are higher and the daily fogging 
rarely fails (Whi tmore 1 9 6 9 ) . The t iny-leaved fore s t  on Mt Ke rigomna i s  
c learly the same as  the ' Upper Subalpine Fo re s t' o f  Wade & McVean ( 1 969 ) 
and i s  ' true '  Subalpine Ra in For e s t  in terms o f  Table 1 . 2 .  I t  has fewer 
species in every l i f e- form than the lower-al t i tude fore s t s ; only 2 0  
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species of tree s and shrubs were found . 
No gras s-dominated areas were seen in the ' Lower ' or ' Upper 
Subalpine Forest ' but the track to the summi t ' repeater stat ion ' is a 
subs tant ial one and several subalp ine-alpine herbs , -e . g .  Tr igonotis  
spp . , are now frequent along i t . Their natur al distr ibution on 
Mt Ke rigomna i s  uncertain . The und i s turbed summi t may we ll have been 
rocky and allowed the growth of such grassland species in shal low pockets  
of  so il ( Chapter 3 ) . 
( d )  Soils 
Mo st soils of  the LMRF were deeper than those  of the UMRF and SARF , 
thi s dif ference be ing clear ly related t o  the ir origin from a lluvium a s  
oppo sed bedrock . However , o ther dif ferences cor re sponded wi th tho se 
found elsewhere �etween LMRF and UMRF regardless of  parent ma terial . The 
LMRF soils could be cla s sif ied as Humic Brown Clays and the UMRF and SARF 
soils as Alpine Humus So ils , as  in the Ea s tern Highland s generally 
( Haantjens , Reynde rs , Mounthaan & van Baren 1967 ; Haant jens 1 9 7 0 ) . Al l 
the soils had mull humus . Ear thwo rms 
appeared- to be more abundant in the LMRF 
e spe cially in gull ies . 
Lower Montane Ra in for e s t  soils 
were present up to 3660  m but 
than in the UMRF or SARF , 
Edwards ( 1 973 ) has d escribed in detail prof iles from a series o f  
s i te s  i n  the LMRF at c .  2 500 m and has provided numerous chemical 
analyse s .  A brief summary is given below . 
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The following generalized prof ile could be appl ied to mos t  sites  on 
ridges , on gentl e  slope s and in gullies . The colour s are according to 
the Munsel l chart . 
L & F 2 / 5 - 0 cm 
Al l 0 - 5 / 7 cm 
Al 2 5 / 7 - 20/2 5 cm 
Fairly clearly separated from the mineral soil . 
F layer of much fragmented material very thin . 
Fine roo t s  growing into the l i tter . 
Dark brown , crumbly soil wi th many recent worm 
cas t s  and some fine fragment s of  organic ma t ter . 
10  YR 3 / 4 to 10 YR 3 / 2  ( some t ime s 7 . 5 YR 3 / 2 ) . 
Abundant f ine root s .  
Dark brown , fr iable clayey loam . 10 YR 3 / 3 to 10 YR 
3 / 2 . Abundant f ine roo t s . 
A13 2 0 / 2 5  - 50/ 7 0  cm Dark brown clay loam , less  crumbly . 10 YR 3 / 4 to 10 
YR 3 / 3 or 10 YR 4 /4 .  Rather few f ine roo ts . 
B 50/70  - 100 cm 
The C ho ri zon 
Dark brown , apparently more c layey and less friable . 
Weakly blocky struc ture when dr ied . 7 . 5 YR 3 / 2 to 
10 YR 3 / 2 . Roots  no t common . 
was freq uently expo sed at the s ides of 
t imber-extraction roads driven through the fore st dur ing our year of 
s tudy ; it was generally deep ( 1 -5 m) and free of rock fragments but 
showed a lot of local var iat ion ( see section ( a ) , above ) . 
Edwards ( 1 9 7 7 ) measured the mean value o f  the stand ing crop of 
l i tter a t  four sites in November 1 9 7 0 , Mar ch 197 1 and Augus t 197 1 ; i t  
varied between 6 5 0  and 7 80 g m-2 at a high fores t-phase s i te o n  a r idge . 
The highe st value was recorded at the November harvest ; thi s corresponds 
wi th the end of the per iod of  maximum litter fall ( September-October in 
197 1 ) .  The annual total for non-woody l i t te r  fall at  the high 
fores t-phase s i te on a r idge was c .  650 g m-2 and Edward s  e s t imated that 
the d ecay of the average fallen leaf should be complete in about 23-24 
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months . The standing crop o f  lit ter in his gully s i te was appr eciably 
l ower , but the lit ter fall was about the same so that decay mus t  have 
been a good deal quicker . 
The pH o f  the mineral soil was det ermined electrome trically on fresh 
s amples brought to a paste wi th d emineralized wa ter . It  varied be tween 
5 . 65 and 6 . 5 ,  most  values being in the range 5 . 8 - 6 . 2 .  Change s  down the 
pr of ile tended to be small and somewhat erratic . At both ridge s i t e s  
investigated b y  Edwards the B horizon t ended to  have lower values than 
the A; the arithme t ic me ans be ing 5 . 8 vs . 5 . 9  and 6 . 0 vs . 6 . 3 
respectively . Very surpris ingly the reverse trend was found in a gully 
s i t e , the mean for the B hor izon being 6 . 1  and that  for the A 5 . 9 .  None 
o f thi s var iat ion in pH is likely to be of significance as such to the 
plant s ,  judging from our knowledge of the effects of pH on plant s in 
o ther par t s  of the world . 
P. J. Edwards and M. Cosgrove ( unpubli shed ) have made a prel iminary 
analysis of the mineralogy of the LMRF soils s tudied by Edwards . The 
ma jor component consi s t s  of hydrated iron oxide s (mainly limoni t e ) . In 
this re spect our soils differ from the Humic Brown Clays examined by 
Haant j ens & Rutherford ( 1 9 64 ) , in all of which allophane 
( Al � Si� O f . ( OH� . nHJO ) proved to be a ma jor cons t ituent . Humic Brown 
Clays d evelop on a wid e  variety of  parent materials under LMRF and 
s everal soil- series have been de scribed ; they have generally s imi lar 
prof iles , but there are marked differences in mineralogy . On elastic 
s ediments they are generally r ich in kaolinite ( higher in pro f ile ) and 
illite ( lower in profile ) , but on volcanic ash gibbs ite is very abundant . 
In our soils illite was no t detec ted , kaolinite was discovered in only 
one sample and only t races of montmorilloni te-vermiculite were found . I t  
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seems that a new soil seri es mus t be described for the Fatima basi n  
soils . 
TABLE 1 . 3 .  
ROUNDED-OFF RANGES OF VALUES FOR CERTAIN CHEMICAL 
PROPERTIES OF THE LMRF SOILS 
(Taken from Edwards 1 9 7 3) 
Al l  A1 2  !1 3 B -
0- 7  cm 7-20 cm 20-60 cm 60- 1 00 cm 
1 . Organic .f 
% D . W. 1 2-2 1  l l- 14 1 0- l l  8- 1 0 
2 . Total N 
% D . W . 1 . 3- 1 . 7 1 . 0- 1 . 5 o .  9- 1 . 3 0 . 6-0 . 9 
3 .  C/N 
ratio 9- 1 3 9- 10 9- 1 2  1 0- 1 6 
4 .  Water 
% D . W. 230-3 1 0 2 20-250  2 20-3 1 0  2 70-340 
5 . Exchangeable bases 
m-equi v . I 100 g 
Ca 1 3-40 4- 1 2 1 -4 0 . 6-2 . 5 
!!& 4- 1 4 1-4 0 . 2-3 . 0 0 . 1 -0 . 7 
K o .  8- 1 . 8 o .  3- 1 . 1 0 . 1 -0 . 7 0 . 1 -0 . 3 
Na 0 . 5-0 . 6  0 . 4-0 . 6 0 . 3-0 . 4 0 . 3-0 . 4 
The iron oxi de s so abundant in our soils have two distinc tive 
properties in common with the allophane found in the Humic Brown Clays 
previously s tudied . They abs orb huge quantities of  water ( c f . Table 
1 . 3 ,  item 4) and , more important , they can bind hum.us in an outstandingly 
s table complex ; recent work on this topic is considered by Sowden , 
Gr iffith and Schni tzer ( 1 97 6 ) . The hum�s-binding power seems to be the 
mos t  l ikely explanation of the very high organic matter content , even in 
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the B horizon , which is  illustrated by the values for C and N in Table 
1 . 3 .  The cation 
( unpubl ished ) and 
exchange 
values of  
capaci ty has been measured by P . J .  
6 1-7 8 m-equiv . / 100 g obtained 
Edwards 
for the 
topsoil . These may be compared wi th values o f  40-60 m-equiv . / 1 00 g in 
the topsoil and c .  3 5  in the subsoil given by Haant j ens ( 1 97 0 ) , who 
not ed that the base saturat ion was only 5-2 9% and that the rela t ively 
high pH values could not be readily explained . Edwards  ( 1 97 3 )  determined 
the individual bases exchangeable wi th normal ammonium ace ta te at pH 7 . 0 
us ing samples dried at �· 8 0° C  in a f ield oven and redried at  105° C  in 
the laboratory . Hi s re sul t s  are shown in summary form in Table 1 . 3 .  The 
values for K agree wel l  with tho s e  given by Haant j ens ( 1 97 0 ) . Measures 
of exchangeable ions are no t very useful indicators for ' avai lable ' K o r  
Mg because these element s are a l s o  held i n  ' pools ' reasonably accessible 
to plants but not to convent ional exchanging solutions . Foliar analysis  
( Grubb 1 9 7 7b )  yielded high values for  K (�. 1 . 1 % D . W .  averaged over 2 3  
t ree specie s )  and average values f o r  Mg (�. 0 . 25 %  D . W . ) .  
The phosphorus supply i s  exceptionally difficult to measure 
usefully . The values for total P in the topsoil found by P . J .  Edwards 
( unpublished ) are 0 . 1 3-0 . 2 5% D . W .  Such values are relatively h igh and 
are cons istent with the resul t s  o f  foliar analysi s ,  which ind icate a 
rela t ively rich supply (mean value 0 . 09 %  D . W . , c f . Grubb 1 9 7 7 b ) . 
Ni trogen mineralization in the soil was not inve s t igated , but Edwards 
( 1 9 73 )  found indirect evidence of plenti ful nitrogen-f ixation in the 
canopy . In summary , the supply of  all ma jor nutrients in mo s t  of  our 
LMRF soils was probably very g ood and it seems likely that this factor , 
coupled wi th the absence o f  fog , accounted for the par ticularly f ine 
growth of the fores t at so high an altitude . 
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The soils were typically well drained with no s igns o f  g leying , but 
in hi s gully s it e  Edwards ( 1 9 7 3 ) found that the water level in a pit one 
me tre deep was commonly wi thin 30 cm of the sur face . He no ted a red 
( ? i ron oxide ) crust around some of the roo ts  in thi s profile , sugge st ing 
local oxidation of a moderat ely anaerobic soil . He also found indirect 
evidence that the effect of the dry season rainle s s  periods was more 
pronounced in the canopy of r idge forest  than in that of gully fores t ,  
even though there was no evident wilt ing o f  r idge forest plant s . Apar t 
from the generally more favourable water supply and the limi ted 
water logging of the subsoil in the gully , which we might have expec ted , 
we also found very locali zed wa terlogging on the ridge s  ( pa tche s 1-3 m 
acros s )  where Zingiberaceae were e specially abundant and a large-leaved 
aroid ( Colocasia sp . 1 3 4 )  was typical . These sites  were no t investigated 
in detail , but pre sumably arose  as  a resul t  of localized differences in 
the alluvial parent ma te rial . 
Edwards ( 1 973 ) inc luded in his inve stigation one s ite on a slope of  
45 ° and found there no t only a much shallower prof ile , as might have been 
expected , but also a ma j or reduct ion in the amount of K circulat ing in 
the forest ( in the lit ter and the throughfall ) .  The fore s t  wa s no t 
obviously distinct florist ically and the s ignificance of the reduction in 
circulat ing K is not clear . Edwards  ( 1 973 ) has attemp ted to explain the 
poorer K supply in terms of the po tassium potential ( B ecke t t  1 96 4 ) .  The 
value s for exchangeable Ca and for t he Ca/K ratio are much higher in the 
topso il of the steep s lope . It is not known whe ther thi s feature is  
found generally on s teep slopes . If so , i t  may 
importance s ince mos t  LMRF occurs on much steeper slope s 
the Fatima basin . 
be of widespread 
than those in 
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Upper Montane and Subalpine Rain fore st  soils 
Much less informat ion i s  available for these  than for the LMRF 
s oils . Pits wer e  dug with a t rowel at  3300 , 3 500 and 3660  m .  Samples 
were taken for determinat ion of  pH/H2o and colour while fresh us ing the 
Munsell chart ( determina t ions made by P . J .  Edward s ) . They we re then 
dried in a field oven and determinat ions of total N and o rganic carbon 
made by G . J .  Timmins us ing the same me thods as employed by Edward s 
( 1 9 73 ) . The chemical characteristics are summarized in Table 1 . 4 .  
The sal ient features of the profiles dug were as follows : 
L & F 5 -0 cm 
A1 1  o - 5 cm 
A1 2 5 - 3 0  cm 
A1 3  3 0-45 cm 
B 4 5-90 cm 
C/D 90 cm 
Upper Montane Rain fore st - Mai n As sociat ion 
( ' Cloud Forest ' sensu Wade & McVean 1 9 6 9 ) . 
Al t i tud e : 3300 m.  Typical s ite on moderate 
slope . 
Di scont inuous li t ter . Mo ss  cover 30% except on 
exposed ma jor  roots , fallen branches etc . 
Very highly organic but with pronounced crumb 
structure . No worms s een . Dark r eddi sh-brown . 
5 YR 3 / 2 .  Abundant fine roo t s . Thi s laye r is  
not  distinct from the A 
Decreas ingly o rganic clay wi th depth and b ecoming 
less r eddish dark brown ( 5  YR 3 / 2  and 7 . 5 YR 3 /2 
t o  1 0  YR 3 / 3 ) . Many roots e specially in upper 
par t .  
Dark brown c lay , less  crumby . 1 0  YR 3 / 3 . Fewer 
roo ts . 
Ye llowish brown clay , moderately s t icky , 
negligible crumb s tructure . 1 0  YR 4 / 4  to 10  YR 
5 / 6  below . 
Bedrock . 
Soil Pit ( 2 )  
L & F 5 / 10-0 cm 
0 - 5 cm 
5 - 1 5 / 1 7  cm 
A 1 3  1 5 / 1 7 -40/42 cm 
B 40/4 2-90 cm 
C/D 90 cm 
Upper Montane Ra in forest  - Trans it ional 
As s ociation ( ' Lower Subalpine Fores t '  s ensu 
Wade & Mcve an 1 96 9 ) . 
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Al titud e : 3500 m. Typi cal s ite on moderate slope . 
Very di scont inuous lit ter . Mo st o f  so il cove red 
by mo s ses  ( one ?Hypnum s p .  and one ? Breutelia 
sp . )  • 
Very highly organic . Has crumb structur e . Dark 
reddi sh brown . 5 YR 3 / 2 . Very abundant fine 
roots . 
Dark brown organic clay . Ha s crumb struc tur e but 
no worms seen . 10 YR 3 / 2  and 7 . 5 YR 3 / 2 . Many 
root s . 
Brown , less  organic clay . 1 0  YR 4 / 3 . Many roots . 
Brown , fairly s t icky clay ( 1 0  YR 4 / 3 )  becoming 
ye llower below ( 1 0 YR 5 / 6 ) . Few roots . 
Bedrock fragment s . 
In a second pit nearby A1 2 reached a depth of  30 cm and A1 3  50-60 cm . 
L & F 5 / 10-0 cm 
A 
1 1  
A 1 2  
B/C  
D 
0 - 8 cm 
8-6 0 cm 
60-80 cm 
8 0-90 cm 
90 cm 
Subalpine Rain forest ( ' Upper Subalpine Fores t ' 
sensu Wad e & McVean 1 9 69 ) . Al titud e : 3 66 0  m .  
I n  sl ight depression o n  ridge . 
Very discontinuous lit ter . Abundant mos s  
( Breut elia) . 
Very highly organic . Very dark grey . 5 YR 3 / 1 .  
Mo st f ine roo t s  in thi s layer , which is  so 
dist inct f rom the A 1 2  by vir tue of  the density 
of the roo t s  that it can almo s t  be peeled 
away from i t . 
Hi ghly organic . Dark brown . 7 . 5 YR 3 / 2 .  Crumby . 
Me dium- si zed ear thworms occas ional . Some roo t s  
throughou t thi s horizon . 
Dark brown c lay . Mainly 1 0  YR 3 / 2 ,  some 7 . 5 YR 
3 / 2 . Very few roots . 
Dark brown c lay ( 1 0  YR 3 / 3 )  plus gri t and with 
yel lowish brown fragment s ( 1 0 YR 5 /8 ) , especially 
at j unction wi th D .  
Bedrock . 
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L & F 
A l l  
A 1 2 
A 1 3 
B/C 
10/5-0 cm 
0-8 cm 
8-38 cm 
38-58 cm 
)58 cm 
Subalpine Rain forest .Altitude 3660 m .  Part way 
up to a knoll from the slight depression . 
Profile very much as in pit ( 1 ) but 
shallower , viz . 
5 YR 3 / 1  to 5 YR 3 / 2 . Very dark grey to 
to dark reddish brown . 
7 . 5 YR 3/2 
Within this sequence of soil s there is  a tendency for an increase in 
the organic matter content with increase in altitude and a tendency for a 
fall in pH (Table 1 . 4 ) . Wade & McVean ( 1 969 } did not find such a fall in 
pH on Mt Wilhelm . In all cases the topmost 5-8 cm are more acidic than 
the next 10 cm down the profile - presumably the result  of leaching . In 
contrast Edwards ( 1 97 3 }  found the topmost 5 cm in four pi ts in the LMRF 
to have a higher pH , presumably because the nutrient supply from the 
litter more than counterbalanced the tendency to leaching ( cf .  Table 
1 . 3 } . 
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TABLE 1 .4 . 
SOME CHEMICAL CHARACTERISTICS OF THE UPPER MONTANE AND SUBALPINE SOILS ON MT KERIGOMNA 
C and N are given as % dry weight 
Upper Montane Rain Forest Subalpine Fore st 
Hain 
Association 
Alti tude 
(m) 3300 
pH %C %N C/N 
Al l  
5 . 2  27  . 6  1 . 67 16 . 5  
( 0-5 cm) 
Al 2  
5 . 4  22 . 6  1 . 54 14 . 7  
( 5-15 cm) 
A13 5 . 2  1 2 . 8  0 . 87 14 . 7  
( 30-45 cm) 
B 5 .4 3 . 2 0 . 1 9  1 6 . 8  
( 7 0-80 cm) 
Transitional 
Association 
3500 
pH %C %N C/N 
5 . 1 37 . 3  2 . 03 1 8 . 4  
( 0-5 cm) 
5 . 6  13 . 4  0 . 95 14 . 1  
( 5-15 cm) 
5 . 4 1 3 . 5  0 . 80 16 . 9  
( 30-40 cm) 
5 . 6 11 . 1  0 . 51 2 1 .8  
( 80-90 cm) 
I n  slight 
hollow 
3660 
pH %C %N C/N 
4 . 7  48 . 1  2 .02 23 . 8  
( 0-8 cm) 
4 . 9 1 9 . 2  0 . 89 2 1 . 6  
( 8-20 cm) 
4 . 9 19 . 5  0 . 76 25 . 7  
( 40-70 cm) 
4 . 9  4 . 1  0 . 20 20 . 5  
( 80-90 cm) 
When dried out , all the UMRF and SARF A
1 2 
horizon 
rounded crumb structure , while the A1 3 and B horizon 
small blocky s tructures . S ince the soils are virtually 
in the field , this tendency to blockines s  may have 
s ignificance . 
On ridge 
3660 
pH %C %N C/N 
4 . 6 30 . 9  1 . 26 24 . 5  
( 0-5 cm) 
5 . 0 24 . 0  0 . 98 24 . 5  
( 5-15 cm) 
samples showed a 
s amples broke into 
always very we t 
li ttle biologi cal 
As a group the UMRF and SARF soils f i t  into the category of Alpine 
Humus Soils ( Haant jens 1 9 7 0 )  and diffe r  from the LMRF soils through their  
higher organic matter content in the A horizon and their redder colour 
there . They also differ in the lower organic matter content of the B 
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acidic though even the SARF topsoil at pH 4 . 6-4 . 7  is no t particularly 
acidic by world s tandards . Many tall Lowland Rain forests  grow on soils 
of  pH 4 . 0-4 . 5 ,  while �he peat under Upper Montane Rain forests  at low 
alti tude in Malaya (Whi tmore & Burnham 1 9 6 9 ) and the Solomon I s land s (Lee 
1 96 9 ) has a pH of 3 . 0-3 . 5 ,  as has the mor under Upper Montane Rain fore s t  
i n  Jamaica ( Grubb & Tanner 1 9 7 6 ) . 
The end-point in our serie s , the SARF , has the fine roo t s  most  
clearly concentrated in  the top  8 cm of  the profile , suggestive o f  a soil 
pe rmanently wet , but no clear signs o f  gleying were found in the subso il . 
Despite the dif ferences in organic matter cont ent , in colour and in 
pH , the Alpine Humus soils superficially resemble the Humic Brown Clays 
ra ther closely . In all case s there is an A layer rich in organic matter 
and c .  40-80 cm deep , the organic matter declines appreciably below c .  
5-8 cm depth and mo st o f  the fine roots  are in the top 20-30 cm wi th a 
concentration in the top 5-8 cm . The critical differences between the 
two major soil types do not seem to have been di scus sed and the two type s 
presumably merge . 
Al pine Humus Soils . 
Very little i s  known about the mineralogy o f  the 
We have no information on the exchangeable ions in our Alpine Humus 
Soil s . The values quo ted for Mt Wilhelm by Wade & McVean ( 1 96 9 )  mo st ly 
fall wi thin the ranges found by Edwards ( 1 973 ) for our LMRF soils ( Table 
1 . 3 ) . Foliar analys i s  ( Grubb 1 97 7 b )  revealed no large difference in P/N ,  
K/N ,  Ca/N ,  Mg/ N or Mn/ N ratio be tween our LMRF and UMRF . Al though the 
same can be said in comparing the SARF with these fores t s  wi th respect to 
P /N and K/N ratios , the Ca/N ratio is high in the SARF and the Mn/N very 
high . The Mg/ N ratio is low , poss ibly because uptake of  Mg is adve rsely 
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affected by excess Mn .  There can be little doubt that the soil at the 
summit of Mt Kerigomna is very rich in manganese , but we observed no 
evidence of toxicity in the field unless the low growth of Dacrycarpus on 
the uppermost 50 m is a s ign . 
In summary , i t  seems unlikely that differences in nutrient supply 
play a major part in determining the altitudinal distribution of our 
three forest format ions . Probably as a result of the nature of the 
parent materials , all the soils are relatively well provided with 
nutrients . Other chemical factors may , however ,  have pronounced effects 
on forest growth , i . e .  those as sociated with waterlogging . The 
grasslands in the UMRF zone ( and in the SARF zone on Mt Wilhelm) mostly 
occupy the less s teep slopes and may have been derived from open forest . 
It  was very notable on the ascent of Mt Kerigomna that the dicotyledons 
of the UMRF grew much shorter on a relatively flat area at c .  3300 m and 
the Dacrycarpus grew to a lesser height and girth . Al so Rapanea papuana 
and Drimys pipe rita entity ' mont is wilhelmi ' ,  typical o f  SARF ( Chapter 
3 ) , were abundant . 
( e )  Animal Life 
Wade & McVean ( 1 969 ) give a brief account o f  the ver tebrate life on 
Mt Wilhelm and their r emarks probably apply to the Subalpine and Upper 
Montane Zone s on Mt Kerigomna too . They recorded wild dog s and two 
species of  po s sum from the Subalpine fore sts  and our assis tants said that 
the latter were part icularly fond of young shoots of Dimorphanthera . 
From the Upper Montane Wade & McVean recorded the cuscus , the sugar 
glider and tree kangaroo .  We witnes sed the killing of  one cuscus 
(Phalanger vestitus ) in the Upper Montane forest  and the se were hunted 
frequent ly in the lower Montane . A large animal alleged to be a tree 
kangaroo (Dendrolagus s p . ) pas sed very c lose to us one day in the Lower 
Montane and probably we would have wi tnessed much more animal life  if the 
forest  had no t been in the cour se of destruc tion . Equisetum debile was 
grazed by mammals  on the slope s by the River Fat ima and one of  us has 
no t iced this elsewhere (Mt Suckl ing , Stevens & Veldkamp 1 98 0 ) . We did 
- -
no t recognise  evidence o f  the rock wal laby , bandicoot , ra t s  and other 
rodent s mentioned by Wade & McVean ( 1 96 9 ) . 
We have no informat ion on the bird life but b irds mus t be o f  great 
importance to the plants  for di spersal because a very high propo rt ion of 
them have fle shy frui t s  in all the fore s t s  we s tud ied . As Wade & Mcvean 
( 1 96 9 )  -pointed out , they are also important for the pol lination of 
long-tubed , red and scent l e s s  flowers  of Rhododendron and Dimorphanthera 
species , which are usually terrestrial in the Subalpine and Upper Montane 
Zone s ,  but frequently epiphytic  in the Lower Montane ( Plate 1 2 ) . In the 
lat ter zone Lepidoptera are relat ively more important as po l linators for 
Rhododendron spp . , which are o f t en very long- tubed , whi t e , s c ented and 
probably hawkmoth-pol l inated ( e . g . R .  herzog i i ) or wi th short tubes and 
open ,  orange-yel low ,  s cented flower s  pr obably but terfly-pollinated ( e . g • 
.!.=._ macgr egoriae ; see Black 1 9 7 1 , S t evens 1 9 7 6 ) . 
We agree wi th the observat ion o f  Wade & McVean that ins e c t s  in 
general appear to be scarce in the Subalpine Zone and that there is  an 
almos t  complete  absence of any s igns o f  insect  damage to the plant s .  I f  
we compare the numbers o f  s pecies  o f  trees and shrubs i n  the Subalpine 
forest  wi th tho se in t he Upper Montane which show , after crit ical 
examination of many leave s , some s igns o f  insect or o ther animal damage , 
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the figures are rather similar : 16 /20 or 80% of tree and shrub species 
in the true Subalpine Rain forest versus 63 /69 or 91% in the Upper 
Montane (Main Association) . If , however , the percentages of mature and 
senescent individual leaves damaged in the two forests were compared the 
f igures would probably be in the ranges 1-5% and 30-60% respectively . 
Although there are complicating factors such as those introduced by the 
difference in size of the leaves ( leaves from the Subalpine Zone are on 
average at least one order of magnitude smaller in area) , and possible 
differences in the t ime for which a leaf may remain on a plant , a strong 
impression is gained of a real difference in the percentage of the to tal 
leaf area lost to animals in the Subalpine and Upper Montane forests . 
There are at least two possible explanations . Either the subalpine 
climate is significantly more harsh for insect life than for plant life , 
or the subalpine climate has proved so harsh for plant life that it has ­
been evolut ionarily advantageous to ' invest ' relatively more capital in 
making the plants less palatable . The leaves in the subalpine species 
are not only much smaller but also thicker and have thicker outer walls 
to the epidermides ( Grubb 1 97 4 , Table 7 ) .  However ,  they inevi tably pas s  
through thin and soft developmental stages like all other leaves and it 
is at this time when much damage is done to leaves in other forests .  
This suggests that either the unpalatability has more to do wi th taste 
than texture , or that the subalpine climate is significantly harsher for 
insects than for plants . 
The latter proposition i s  supported by the decline in the propo�tion 
of insect-pollinated species from the Lower Montane to the Subalpine 
Zone , ( not jus t in Rhododendron : Stevens 197 6 )  but in the forest flora 
as a whole . 
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( f )  No te on collec t ing numbers and plant name s 
Voucher s pe c imens o f  vascular plant s are provided by two series of  
herbarium specimens : P . J .  Grubb & P . J .  Edwards 1-398 and 2001-2 3 2 8 , the 
former series fertile and wit h  mo s t  numbers repre sented at Lae , Leiden 
( Rijksherbarium) , Arno ld Arboretum ( Cambr idge , Mas s . ) ,  and Cambr idge , 
England ( de s t ined for Kew) , and the latter series o f ten s terile and made 
up o f  unicates to be kept at Cambr idge , England . The numbers 2 7 3 -3 6 1  
were collected as uni cates ( al so kept at Cambridge , England ) but 
correspond wi th Lae numbers collected by P . F .  Stevens ( indi cated in 
Tables  3 . 2 and 3 . 3 )  and mo s tly d i s tributed to Leiden , Canberra , the 
Arno ld Arboretum and Kew . Collect ing numbers quo ted in the t ext wi thout 
collectors ' names all refer to the Grubb & Edward s series . A series of 
bryophyt es (mo stly mo sses ) collected by P . J .  Edward s  is depo s i ted at the 
Br i t ish Museum , London . 
The authorities  for mos t  o f  the sc ient ific name s used are quo ted in 
Tables  2 . 7 ,  3 . 2 ,  3 . 3 ,  and 3 . 4 .  Authorities  for species no t in these 
tables are quo ted in the t ext . Al l det erminat ions have been made by P . F .  
Stevens except for Elaeocarpaceae ( M . J . E . Coode ) , Pilea ( Chew Wee Lek) , 
Cya thea and Dicksonia ( R . E . Hol t tum) , Grammi t i s  and Hymenophyllaceae 
( B . S . Parri s ) , Lycopodium , Selaginella and Marattia ( A . C . Jermy) , and 
mo st  other pteridophyte s  ( P . J . Grubb ) .  Many name change s  propo sed by 
van Royen ( 1 97 9 ,  1982 , 1982 ) and his collaborators have been adopted , but 
many problems still  remain . In par ticular , correlat ing older name s wi th 
tho s e  now in use is a mat ter o f  ext reme dif ficulty . In addit ion , 
crit ical evaluation of  variat ion pat terns in plant s o f  the Upper Montane 
to Subalpine fore s t s  in a monographic context wil l  lead to chang ing o f  
t axon l imit s ,  and hence to chang ing of name s .  
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I I . THE LOWER MONTANE ZONE 
( a )  Lower Mont ane _ Rain for e s t  in the Fa t ima basin 
( i) S t ructur e , physiognomy and flori stics  
The framework of  the fore s t  i s  provided by  the taller-growing trees 
but the species involved can be s eparated only arbi trarily from tho s e  
growing to lesser height s . During our s tudy of  virtually clear-felled 
fore s t  over c .  35-40 ha ( Zones 1-4 in Fig .  1 . 3 )  we recorded a _ total of 
1 1 9 tree spe ci e s . We have classif ied the se in Tabl e 2 . 7 into 5 .m 
height-clas se s  on the ba s i s  of the heights certainly reached . It  i s  
likely that a few s pecies  a r e  shown a s  growing to a . height-clas s  lower 
than that which they norma).ly a ttain . Exac t measur ements of mos t  species 
were made at various times , s cattered over . the whole felling area , but 
e specially where trees were felled for the raingauge clearing and the 
' bioma s s  plo t ' . _ A summary o f  LMF trees in height-clas se s i s : 
Height S peci es  He ight Species  Height Species  
)30 m 1 1  )20 m 2 6  )10 m 1 6  
)2 5 m 23 ) 1 5  m 1 6  ) 3 m 20 
unknown height 7 
There i s  some evidence of a concentration of  species in the 20-30 m 
clas s .  Very probably 4 o f  the 7 unass igned s pe cies  al so r each this 
height int erval . It is not po s s ible to recognize any d i s t inc t ' second 
st ratum ' of  t ree species . 
The trees have been a s signed in Table s  2 . 1  and 2 . 7 to the leaf- s i ze 
classes of  Webb ( 1 9 59 ) . Following Cain � al . ( 1 95 6 )  we e s t imated leaf 
are a as 67% of the produc t · of  the breadth and the length ( excluding the 
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dr ipt i p , if pr esent ) . For c ompound leaves , inc luding t ho s e  of the tree 
f erns , we have taken the leaflet as  the funct ional uni t  in thi s c ontext . 
The rat ings are based on matur e  leaves  of plant s of  matur e height . The 
usual reduct ion in leaf- s i ze with inc rease in he ight in the canopy wa s 
no t iced in many s pe c i e s  and s eemed e specially marked in  the Lauraceae . 
If  the leafle t s  o f  compound leaves fell into di f ferent c la s s e s , the se are 
both  recorded in Table 2 . 7 . I t  can be seen from Table 2 . 1  that , rather 
surpris ingly , there is no trend to smaller leaves in s pecies  that 
ul t imat ely grow tal le s t . The leaves in the me sophyl l class  of  Raunkiaer 
( 1 93 4 ) , i . e .  mesophyl ls and notophyll s  of Webb ( 1 95 9 ) , only jus t achieve 
a ma jority ( 5 1-55% ) . Microphyll s  make up a very substantial proport ion 
( 3 4-4 1 % ) .  The trend f rom tal l trees t hrough shorter trees down to  s hrubs 
i s  one of greater s pr ead in leaf s i z e s . Mo st  leaves are more o r  le s s  
ovate , many of  them wide s t  about the middle , several tending t oward an 
oblong form . The commone s t  minority shape is obova te , which i s  found in 
Al stonia glabr i flora , Bubbia calothyr sa , Ficus iodo tricha , F .  �� , 
P lanchonella f irma , Saurauia rufa , �· c f . conferta , and S chuurmansia 
hennings i i . Very f ew trees have linear leaves , but notable except ions 
are Pandanus ( macrophyl l ) , Podocarpus ( mic rophyll )  and Dacrycarpus 
( leptophyl l ) ; only Endospe rmum doma tiphorum has { slightly)  cordate 
leaves . 
A clear ma jority o f  LMRF tree leaves have ent ire margins and about 
hal f are acuminate to some degree , s ome 18%  having clear drip- t ip s  ( Tabl e  
2 . 1 ) . Only 1 3-2 1% of the leaves are compound ( c f .  9% in LMRF i n  Ecuador , 
36% in LRF : Grubb et al . 196 3 ) . Leaf t extur e i s  very variable but 
generally f i rm ,  and s everal s pe c i e s  ( e . g .  all Schi zomeria spp . and some 
E laeo carpus s pp . ) aredecidedly cor iaceous . Some species  are not ably 
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hairy e . g .  Ficus iodotricha , s everal Li tsea spp . and Sericolea mi cans . 
Others are densely hairy on both sur faces during the · flush , e . g . 
Cryptocarya s p . 232 , Elaeocarpus sayeri , Pittospo rum ' eullifo lium , and 
Weinmannia trichophora . These features , toge ther wi th internal 
struc ture , wi ll be cons idered in more detail elsewhere . Very few s pecies 
carried s pine s : Breynia c f . cernua ( rare ) , the Pandanus , Saurauia 
scaberrima ( conf ined to fore s t  margin) and Xanthoxylum 
conspers ipunct atum . 
TABLE 2 . 1  THE PERCENTAGE OF SPECIES IN VARIOUS LIFE-FORMS IN THE LOWER MONTANE 
RAIN FOREST WITH PARTI CULAR LEAF CHARACTERISTICS 
Mature trees Shrubs Climbers Epi-
heig� Herbs and phytes 
Scramblers 
)20m <20m unknown 
Leaf-size  clas s e s  
Megaphyll 0 0 0 0 0 0 0 
Macrophyll 2 4 0 3 s 0 2 
Mesophyll 1 2  1 8  14  2 2  8 14  3 
Notophyll 43, 33 72 28 1 4  3 4  1 4  
Microphyll 4 1  34 14 3 1  4 6  40 28 
Nanophyll 0 4 0 9 3 8 28  
Leptophyll s 8 0 6 22  s 2 7  
Leaf t i p  
""-Acuminate only 3 2  3 5  4 3  s o  8 2 5  1 8 
With dri p- t ip 1 7  1 9  1 4  2 8  2 7  20 7 
Leaf margin 
----siiiooth : including 
( D) , (W) & W ( Table 2 . 7 )  7 5  6 7  8 6  59  41 66 90 
Compound leaves 1 3  2 1  0 6 3 2  2 0  25  
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Very few tree species  were caulif lorous , only Ficus iodo tricha and 
F . i toana , though a few others were to s ome degree ramiflorous : 
Euodiella hooglandii , Helicia  s aruwagedica , Pittosporum rami florum and 
Syzyg ium malaccense . 
Smal l but tre s se s , up to 0 . 5  m high , were common . The s pecies  wi th 
suc h buttresses  were not l i sted , but they c ertainly included Dacrycarpus 
cinctus , Elaeocarpus pt ilanthus , S loanea pul leniana , and Podocarpus 
archboldi i .  The s t il t roo t s  of  Pandanus ?bro s imos were everywhere 
prominent but no other common species  had any . From obs erva tions made on 
the biomas s-es timat ion pl ot  and in road-cut t ings it appeared that none of 
the trees had tap-roo t s ;  the manager o f  the sawmill as sured u s  that , 
unlike several s pecies  he had me t in Queensl and , all the tree s pe cies  in 
our s tudy area could be pushed ove r fairly readily wi th a suffic iently 
power ful bul ldozer . 
The fores t  wa s no t domina ted by any particular spe cie s . The 
sub j e c t ive rat ings of the species , given in Tabl e  2 . 7 ,  are summarized 
below . 
Ma tur e 
Tree s to )20 m Trees to (20 m height 
- -- - - -- -
no t known 
Frequent 4 2 0 
Occasional ( -frequent ) 3 1  1 5  0 
Rare ( -occas ional ) 1 5  26 4 
Present 10 1 1  3 
5 1  
These figures suggest that a higher proportion of  the lower-growing tree 
species were rare . The only tall trees rated as frequent were 
Dacrycarpus cinctus , Podocarpus archboldii ,  Pandanus ? bros imos , and 
Caldcluvia nymannii ,  and the next most abundant ( ' occasional to 
frequent ' )  were Elaeocarpus ptilanthus , Macaranga albescens , Planchonella 
firma and ( less tall)  Kelicope cf . monophylla . The only ' frequent ' 
lower-growing trees were Cyathea pycnoneura and Psycho tria sp . 35 . As a 
family the Lauraceae were more prominent than these notes suggest , but no 
single species was frequent throughout the area . 
In the felled forest it was clear that the relative abundance of 
many species varied between the zones numbered 1 to 4 in Fig . 1 . 3 ( c f . 
Table 2 . 7 ) . Thus the Lauraceae generally were more abundant in zone 1 ,  
three Elaeocarpus spp . and Sloanea aberrans in zone 2 .  Flinders ia 
pimenteliana and Helicia saruwagedica were notably more common in zones 2-
and 3 .  Papuacedrus papuanus was concentrated on the ridge running out 
toward the River Fatima in zone 2 and on the steep slopes down to the 
river . Another species commoner in Upper Montane forest and found on 
these slopes ( once only) was Schuurmansia henningsii . Syzygium 
benjaminum was perhaps most abundant on gently- sloping , rather 
ill-drained sites within zone 1 ( the ' swamp gum ' of the sawmill manager , 
selected for making bridge s ) . Some vi sitors to the Fat ima basin , e . g .  
R . G . Robbins ( per s . comm . ) ,  have had the impression that Dacrycarpus 
and Podocarpus were most frequent in the forest around the edges of the 
grassland areas , and related this to the po ssible selective effects of  
past fros ts in the low-lying valleys . 
observations on this point . 
We did not make critical 
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Apar t from the Papua cedrus and Syzygium ,  and po ssibly Dacrycarpus 
and Podocarpus , there was a striking lack o f  var iat ion in the tree and 
shrub flora with topography . This  might be explained by the relatively 
gentle slopes and fertile soils . There is  some indirect evidence for 
differences be tween r idge- and gully- s i tes in the balance of tree 
species . Edwards ( 1 97 7 )  has shown that the amount of litter fal l i s  the 
same in both kinds of site , but that the standing crop of l i t ter  is less  
in a gully s i te . The rate  of decay of li tter of a given species 
collected at a par ticul ar site  and kept in net s  for a year was found to 
be the same at a ridge site  as at  a gully site . Thus the lower s tanding 
crop mus t reflect ei ther ( a ) the forma tion of more readily decayed litter 
by trees of all spe cies when they grow in gullies ( al though the litter 
falling there doe s  no t general ly have a higher content of N and P) or ( b )  
a dif ferent balance o f  species i n  the gullies wi th a greater proportion 
of the species which produce more readily decayed li tter . I t  is  no table 
that Whitmore ( 1 97 3 , 1 97 4 )  was able to show change s in the balance of 
species between ridge s and val leys in areas of Lowland Rain fore st in 
Malaya and the Solomon Islands only after computerized analysi s  of very 
ext ens ive data . 
There were floris tic dif ferences between our zone s 1-4 , irrespective 
of any po s sible differences betwe en r idge s and gullies . We believe that 
these should be explained in terms of recent his tory , and the 
reg eneration requirements of dif ferent species . In particular , the 
for est  in z one 3 was probably younger than that in zone 1 .  The Lauraceae 
and Monimiaceae seemed no tably shade- tolerant ( cf .  also the Lauraceae in 
the LMRF de scribed from Ecuador by Grubb !.!_ al . 1963 ) and their greater 
abundance may mean a longer history free of dis turbance . 
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In zone 3 the Lauraceae and Monimiaceae found were almos t  all in the 
sapl ing or pole s tage and there was a good representat ion of species 
believed t o  be light-demanding { Caldcluvia nymannii ,  Elaeocarpus spp , 
Sloanea pull eniana , Symplocos cochinchinens i s  s s p . leptophylla var . 
pedicella t ta and scattered large t rees  o f  Alphitonia ferruginea and 
Macaranga indutta s s p . . paucinervis . On the r idge near ' the biomas s  
plo t ' the only plant of the of t en planted ' tanget ' { Cordyline fruticosa) 
was found . No o ther s ign of pas t  cul tivation was s een . However ,  the 
forest in the wes tern part of zone 3 appeared before felling to be 
deficient in large trees and to have much bamboo { Nastus ) . I t  was 
rela tively near the old-establi shed trail sou thward to  the Mundo Valley 
and some fo rm of past d i sturbance by man seems likely . However , the 
localized effects  of pas t  l ightning or wind s torms c annot be rul ed out . 
I t  should be emphas ized that the forest  in zone 3 ,  if  ' younger ' ,  was 
certainly not recent-secondary . In general appearance and species 
content much o f  i t  was very l ike that in zones 1 and 2 .  
The shrub layer was relatively well developed but only one species 
wa s rated ' frequent ' ,  the light-demanding Saurauia sp . 3 6 2 . There were 
eleven ' oc cas ional ' s pecies , four teen ' rare ' and s ix found only one to 
three t imes . No one family was predominant but tho se with three to five 
s pecies each were the Euphorbiaceae , Piperaceae , Rubiaceae , Saurauiaceae 
and Urticaceae . Compared with the leaves of the tree s , more of the 
leaves of the shrub s had drip- t ips or were to some degree acuminate , and 
fewer had smooth margins ( c f . Table 2 . 1 ) . Some of the shrub s almo s t  
cer tainly reproduced partly vegetat ively , i . e .  
detail ed obs ervations on this point were made . 
by ' layering ' ,  but no 
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The herb l ayer was clearly domina ted by three fami lies , the 
Urticaceae , Ge sner iaceae and Z ingiberaceae , all wi th rather fle shy leaves 
and markedly s hade-tolerant . Mos t  of the leaves or leaflets  we re small 
and had dentate , se rrate or crenate margins ( Tables 2 . 1 and 2 . 2 ) . The 
tiny-leaved Pilea s p .  9 and Elatostema spp . 2 4  and 1 4 9  were d i s t inc tly 
frondos e ,  ' mimicking ' ferns just  as  the Selag inella s pp . do in so  many 
lowland fore s t s . Mo s t  of the herb s pecies were generally d i s t ributed bu t 
the Alpinia s p .  380 , which wa s far taller than the others and generally 
reached 2 . 5  m, wa s clearly conf ined to  the we t t e s t  s ites , whether wel l  or 
il l-drained . Colo casia s p . 1 3 4  (.£ 1 . 0-1 . 5  m tal l )  was typical of poorly 
drained s i te s , who se geologi cal/ geomorphologi cal origin was obs cure . In 
contras t , Impatiens hawke ri wa s vir tually conf ined to the be tter drained 
very we t slopes . A whole sui te of s pecies (marked 8 in the f inal column 
of Table 2 . 1 )  were conf ined to a few small but deeply cut ravines in zone 
2 .  Presumably they were ext remely shade- tolerant but very 
wa ter-demanding � Almo s t  all  these  species were seen by one of  us 
( P . J . G . ) in ordinary s l ope  fo re s t  at c .  1 7 00 m near Marawaka , presumably 
an a rea l e s s  l iable to relatively prolonged dry spells . 
Many of the Urticaceae and Zingiberaceae made ext ensive patches ; 
vege tative s pread ( by s tolons o r  rhiz ome s )  i s  probably very import ant for 
them . Cyc losoru s  sp . 250 , which formed treelets wi th trunks 60 cm tal l , 
was notably gregar iou s  but pr e sumably s pr ead mainly by s pores . 
S inc e the flor i s t i c  variat ion be tween different zones in the tree 
laye r can probably- be rela ted t o  d i fferences in regenerat ion-hi s t ory and 
since the variat ion with topography in the herb layer i s  very l imited and 
s t ric tly local ized , the whole forest  may be cons idered to  represent a 
s ing le asso ciation . If  this we re to be given a name like t ho s e  a s s igned 
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to the forest as sociations at higher alt itud es on Mt Wilhelm by Wade & 
McVean ( 1 9 69 ) , a suitable one bearing in  mind the species  also  found in 
the Upper Montane forest ( cf .  Chapter 3 )  would be ' Caldcluvia nymanni i  -
Pandanus - Planchonella firma a s sociat ion ' . 
The c limbers and s cramblers are dependent on the framework fo rmed by 
the tal le r-growing trees , ' f illed in ' to a large ext ent by the 
lower-growing trees , shrubs and herbs . Grubb e t  al . ( 1 963 ) recognized a 
bas ic divis ion in the climbers be tween pho tophytic and skiophytic 
species ,  depending on the height in the canopy normally reached by matur e 
plants . Thi s d ivision is  inadequate because there are really two equally 
impor tant variable s - the level at which the s pe cies normally matures and 
whether they are light-demandi ng or shade- tolerant during regeneration . 
Thirty of the thirty-four climbers in our forest can be assigned to f ive 
groups as below .  
( a )  Re aching the crowns of  tal l  trees 
( i )  Shade- tolerant and climbing up boles : 5 s peci es 
(ii)  Seen as  j uveniles only in clearings and presumably 
growing up wi th their ' host ' tree( s ) : 7 species 
( i ii )  Insuf ficient information on juveniles : 4 spe ci e s  
( b )  Never growing tall ( >  c .  3m) 
( i ) On boles and thus
-
in shade all their live s : 1 0  species 
( i i )  In natural clearings and apparently light-demanding : 4 spe cies 
Insuf ficient informat ion i s  available about the o ther four climbers .  The 
light-demand ing , s lender hab i t  i s  also seen in the climbing speci es o f  
the fore s t  margin ( Muehlenbeckia , Scaevola ) and merge s into the low 
scrambling habit ( 9  species , chiefly of Rubus ) .  Only the bamboo , Nastus 
productus , is  a t al l- climbing scrambler . The ' cane s ' of Nas tus rarely 
exceed 1 cm in thicknes s  but the stems of  the true climbers in the crowns 
o ften reach a d iameter of 5 cm . Al though fairly large , they are dist inc t 
from the ' thick- s temmed woody climbers ' o f  Lowland fores t ,  which commonly 
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at ta in diameters in excess of 10  cm . Cyr tandra s p .  1 2 2  was notable for 
its  caul iflorous habit . 
The most frequent climber wa s the middle- si zed Freyc inetia sp . 1 1 9 , 
which did no t f i t  our classification well - i t  reached high up on the 
boles but not into the crowns . The next mos t frequent were Ficus 
insculpta and Melodinus novoguineens e .  Seven other climbing species  were 
rated as ' o ccas ional ' .  The Freycinetia has a marked effect on the 
phys iognomy of the fo rest and immediately sets  it off from the Lower 
Mont ane fore sts  of the Andes , where the abundant Ar aceae and 
Cyclanthaceae serve to give the forest  a d i fferent character . 
The non-or chid epiphyt es have been divided into four groups , 
occupying re spec t ively the ba ses of the boles , the upper parts of the 
boles , the upper bole s and ma j or branches and the ou termo s t  branches . 
Thi s is  in agreement with the sugge st ion of Grubb e t  al . ( 1 96 3 ) . In a 
comprehens ive s tudy in We st  African Rain fore st Johanns �n ( 1 974 ) used a 
s imilar scheme but d ivided the branches into basal , middle and ou ter 
part s .  In our study no phanerogams ( o ther than orchid s )  were found on 
the ou termost branches and only one pteridophyte , Grammi t is cae spito sa , 
which has tiny succulent fronds . The large st group of  ferns ( 2 0  spe cies ) 
and almo st all the dico tyl edonou s ep iphytes we re found on the major 
branches and on the tops of  the boles ( c f .  Table 2 . 7 ) . Nine species of 
ferns seemed more o r  less confined to the upper parts  of the boles and 
seventeen species to the lower par ts . The pte ridophyte monopoly of the 
shad e- tolerant epiphyte life-form was no t immediately obvious in the 
field because of the abundanc e of Freyc inetia and di cotyl edonou s 
bole-climbers . The orchid s  were stud ied only to  asses s the number of 
s pecies involved ( about 5 0 ) ; no notes on the ir shade tole rance were 
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made . Undoubtedly mos t  o rchids belonged to  the group on the ma j or 
branches and upper parts  o f  boles , but a f ew were found on the outermos t  
branches .  The s ingle 
s pecies o f  this g enu s  
s pecies 
are more 
of Peperomia pre sent 
drought-sensitive than 
was rare ; mos t  
the epiphytic 
o rchids , and their  rarity in the Fatima Bas in may then be related t o  the 
lack of fogging there . 
The leaves ( or t he l eafl et s  o f  compound leaves )  of  epiphytes are 
much smaller than thos e  of the trees ( Table 2 . 1 ) ;  thi s reflec t s  not only 
the bipinnate natur e  of many of the ferns but also the small s ize  of mos t  
o f  the orchid leaves ( Table 2 . 7 ) . The percentage of ent ire leaves is  
greater in the epiphytes than among the trees , and the percentage with 
acuminate t ips is less . All the orchid s and many ferns and the 
dicotyledons have more or less  succulent leaves .  A very thin , almo s t  
filmy textur e was found i n  Lindsaea pulchella and Ctenopteris sp . 2 7 2 . ­
Several Hymenophyllaceae were frequent . -
Bryophytes were not pr ominent on the bole s  c ompared wi th many o ther 
Lower Montane fore st s ,  including many in New Guinea , but were cer tainly 
abundant on the ma jor branches o f  many of  the older trees �nd an 
appr eciable amount of highly organic ' soil ' bui l t  up under them . Edwards 
( 1 973 ) showed tha t  this is very acid { pH/H2o 3 . 8-4 . 0 ) . Lichens s imilarly 
buil t up on the older trees , e specially on the outermost branches ;  the se 
were especial ly prominent on the emergent Podocarpaceae . 
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( i i )  Reproduct ion and Regenerat ion 
Pheno logy . We saw no concer ted leaf- flushing . It may have occurred in 
our abs ence in mid-August to mid-Oc tober , at the end of the dry season , 
as Edwards ( 1 9 73 )  found a peak in leaf li t ter fall at that t ime . Bu t 
this seems unlike ly in view o f  the po s i t ive records for flushing shown in 
Table 2 . 7 . A good s pread i s  seen between the two periods of obs ervat ion 
wi th nineteen s pecies of trees no ted in flush in Nov . -Dec . ,  twenty-four 
in April-June and three in both periods . 
The r ecords for flower ing and fruit ing set out in Table 2 . 7 , when 
summarized , show that mos t  of the commoner species can be a s signed to be 
one of two groups : ei ther mo s tly flower ing in Nov . -De c . ( many o f  the se 
frui t ing in Apr il-June ) or mo s tly flowering in April-June (many of these  
frui t ing in Nov . -Dec . ) . Considering the species  fo r which the 
informat ion i s  fair ly comple t e , the numbers in the two groups are fairly 
s imilar ( 2 1  vs 1 9  respe c t ively for trees , 3 v s  5 for shrub s , 1 vs  3 for 
herbs , 4 vs  4 for c l imbers ) . The tree species for which informat ion i s  
incomp le te appear bias sed toward flowering in April-June ( 2 2 v s  1 3 ) . Our 
f inding s  fit  we ll with Bras s ' s  ( 1 964 , p . 1 84 )  assertion that ' two 
flowering sea sons are generally recognizable in New Guinea , one a t  about 
the beg inning of the local we t s eason [ i . e .  Nov . -Dec . in our area]  the 
other abou t the beginning of the dry [ i . e .  April-June in our area ]  • • •  ' . 
We recorded only s even tree species wi th flowers and frui t dur ing both 
these periods ( Acronychia l edermani i ,  Alangium vi l losum , E laeocarpus 
s ayer i ,  Galbulimima belgraveana , Monimiaceae 107 , P it t o s porum .ramiflorum 
and St eganthera chimbuens i s ) , and s ix wi th flowers in both period s , 
Mac aranga albe sc ens , Saurauia rufa cf . conf erta ,  S loanea pul leni ana , 
S t reblus ur ophyllus and Syzygium b enj aminum) . 
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Among the shrubs and herbs , flowering in bo t h  periods seemed 
commoner ( at l eas t f iv e  shrub s pe cies  and nine herbs being involved - c f . 
Tabl e 2 . 7 ) , but we did no t  make cri tical obs erva tions . Very few 
commonly- seen non-epiphytic species we re never in flower o r  fruit 
( notably Cinnamomum s p .  202 1 and Mis chocarpus sp . 201 4 ) . We canno t 
make any use ful comment s  on the periodic ity o f  flower ing in the epiphyt ic 
orchids . Ferns we re neglected in the period Nov . -De c . 1 970  but 
vir tual ly all species  were found fertile dur ing int ens ive collecting in 
Apr il-June 1 9 7 1 . 
Pol l ination . Van Steeni s ( 1 9 7 2 , p . 2 2 )  has rightly emphas ized the ne ed 
for direct obs erva t ion and experiment in the s tudy of po ll inat ion . In 
par ticular , evidence on the i s sue of self-compa t ibi l i ty should be sought . 
However , we think tha t a t  l eas t a use ful basis  for argument and research 
can be provided by a s tudy o f  po llination syndromes . These have been 
somewhat arbitrarily s eparated into seven types ( includ ing no 
pol lination) in Table 2 . 7 . I t  appears tha t an overwhelming ma j or i ty of 
the vascular spe cies are dependent on ins ect-pol l ina tion : 9 5 %  of  trees 
and shrubs , 7 2% of  ground-dwelling herbs , 9 3 %  of  climbers and s cramblers , 
and 56%  of  epiphytes ( this f igure i s  the lowe s t  because of  the numerous 
epiphytic ferns ) . Almo s t  cer tainly all the se f igures are ove r-estimate s  
because some of the relevant s pecies  may be po llinated by wind ( e . g .  
Macaranga spp . ? ) , by birds , o r  be self- fertile ( Meliosma perhaps , c f . 
van Beusekom 1 9 7 2 , p . 3 7 2 ) . However , there i s  probably a dominance of  
insect-poll inated t ype s . The changes in this s i tua tion wi th inc reas ing 
al t i tude are cons id ered in Chap ter 3 .  
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Di s seminule- types . We have distingui shed el even types in Table 2 . 7 . The 
dis t inct ion between ' berry or berry-like '  and ' drupe or drupe-l ike ' i s  
somet imes arbi trary , but i s  not import ant funct ionally i n  the present 
context ; we have generally fol lowed Backer & Bakhuizen van den Br ink 
( 1 9 63-8 ) in a s s igning genera to d i s s eminule- type s .  Some s pec ies present 
difficulties in cla s s i f icat ion , e . g .  Euodiella hoogland i i  which has 
br ight red but almo st  comp letely dry f ruits which may be at tractive to 
birds even though dry , and He lic ia spp . , which have a capsule wi th a thin 
out er fl eshy layer but which may s pl i t  ventrally and release the seeds 
belatedly . However , the overall pos i t ion i s  again qui te clear . An 
overwhelming ma jority o f  the tree s and shrub s ( 89% ) and climbers and 
scramblers ( 84% ) have fle shy d i s s eminul es , likely to be di spersed by 
animals , chi efly birds . The epiphyt es are qui te different ; mos t  of them 
hav ing , wind-di spersed spores or  smal l seeds , ( includ ing Rhododendron 
among the dicots but not o ther Er icaceae , at least in New Guinea : 
Stevens 1 9 82 ) as  we ll as  the ferns and orchids . Thi s  dif ference may be 
related to the place where s eed ling s  s tart to grow ; faeces of mos t  birds 
general ly fall to the ground , where germinat ion of mo s t  trees , shrubs , 
climbers and scramblers begins . In contrast wind-dispersed disseminul e s  
wi ll b e  more likely t o  b e  impacted o n  the branches and trunks , on which 
germination of epiphytes occurs . Evi dence from Java sugge s t s  that the 
birds which eat the fleshly fruit s of  the Loranthaceae there have 
s pec ial ized habi t s ,  which resul t  in the depo sit ion of seeds on unoccupied 
branches ( c f . Doc ters van Le euwen 195 4 ) . Thirty-four percent of the 
ground-dwel ling herbs , mos tly Urticaceae , have no obvious adaptat ions to 
d i s persal . Their s omewhat fle shy infructescence s  may be eaten whole by 
some animals , or  the plant s may reproduce vegetatively ( see below ) . 
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Shade-tolerance and regeneration . It i s  relatively easy to gain an 
impre s sion of the shade-tolerance of the herbaceou s and shrubby s pecies 
in a t al l  fore s t , by keeping a record of  the sites where healthy 
flowering and frui t ing specimens are found . For trees , wi th their rather 
s parsely distributed s eedlings and s apl ings , i t  i s  much mor e  difficul t . 
We never recognized seedling s  or sapl ings o f  many t ree specie s , including 
several common one s , e . g .  mos t  of the Elaeocarpus spp . and all of the 
Pitto s porum s pp . ;  thi s should not be taken as necessarily ind icating 
tha t  s exual reproduction i s  uncommon in these s pecies . We have recorded 
species as s hade-tolerant when seedlings and sapl ings were found in 
shad e . I t  i s  po s sible that such individuals were  in the proc e s s  of  dying 
from exces s  shade but the fac t that they had e s tabli shed a t  all was taken 
to indicate a degree of shad e- toleranc e . We also recognize that there 
are all degrees of  shade- tolerance ( or requirement )  and tha t  plants of 
certain s pecies chang e in this respect as they mature . From our limi ted 
data , there appears to be a progres s ive decrease in the proportion of 
shade- tolerant species  from the herb layer at leas t to the lower tree 
layer : 
Percentages  of species 
Shade- Light- Do not 
tolerant demanding know 
Ground-dwel ling herbs 89 1 1  0 
Shrub s 63 28 9 
Trees growing to <20 m 3 5  35 30 
Trees growing t o  2 0  m or more 3 7  1 3  5 0  
Trees o f  unknown matur e height 29 1 4  5 7  
To tal number 
o f  Species  
3 7  
32  
52  
60  
7 
A number of the tall tree species seen commonly but never recognized in 
the seedling or sapl ing state may be light-demanders . ( e . g .  the 
relevant species of Elaeocarpus : M . J . E . Coode , per s . comm . ) .  In that 
c as e  the percentag e  light-demanding spe cies  in the trees )20 m cla s s  
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would rise to c .  30% . If  this apparent trend toward les s  
shad e- tol erance i n  taller-growing s pecies i s  a real one , i t  may be 
related s imply to the chances of  being overtopped and shaded by other 
pl ant s or it may be related partly to more effective d i s persal of  seeds 
and fruits  by the taller-growing plant s . 
The number of speci e s  which are light-demanding for part of  the ir 
li fe-cycle is important in connect ion wi th the effects  of  fog and brigh t 
sunshine on fore s t  d i s tribution ( c f .  Grubb 1 97 4 ) . Li ght-demanding 
plant s are l ikely to experience leaf temperature s we ll above air 
t emperatures dur ing bright sunshine , and plant s of reproduc tive ag e may 
be dependent on such hea t ing of the leaves ( or flower s  or frui t s )  for 
survival near the ir altitudinal limit s . Thi s po int is taken up again 
later ( Chap ter I II , g ) . 
No measur ement s  o f  the c lumping of  individual spe cies we re made but 
i t appeared tha t juvenile plant s of s everal s pecies  were more or less  
concentrated in the vicinity o f  the adult s .  Thi s wa s part icul arly true 
of Syzyg ium benj aminum but was also s een in var ious Lauraceae , 
Perro t tetia alpes tr is  and Planchonella f i rma . In view o f  the current 
int er e s t  in mechani sms maintaining diversi ty in such fores t s  ( c f .  Janzen 
1 9 7 0 , Connell 1 97 1 , Grubb 1 9 7 7 a ) , it is highly des irable that thi s and 
other aspect s of regenera tion should be examined critically .  
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( i ii )  Dens i ty ,  ba sal ar ea and biomass  
All the s e  proper t ies  vary a great  deal  in primary fore s t , i f  plo t s  
of the order o f  1 0  x 10 m or 2 0  x 2 0  m a r e  considered . We were 
part icularly c once rned to  obtain use ful values for the bioma ss ( and 
nu tr ient content ) of the standing crop in connect ion with Edwards ' s tudy 
of mineral cycling in the fore s t . S ince i t  was not practicable to 
measure the weight s  of all the tree s on anything more than a smal l  a rea , 
it  was particularly impor t ant to have some means of extrapo lating from a 
l imited plo t  to the fores t as a whole . 
The var iat ion b e tween l imited s i t e s  depend s  chiefly on the 
regeneration s tatus of the cons ti tuent trees - pioneer , bui lding , matur e  
o r degenerate i n  t he sense of  Wa t t ( 1 947 ) . I n  a fore s t  wi th a s ing le 
out s tanding dominant specie s , ( e . g . many s emi-na tural for e s t s  of Fagus 
sylva t ica L .  in par t s  of Europ e )  it i s po s s ible to clas s i fy any l imi t ed 
s i t e  as whol ly belonging t o  a par ticular regenerat ion phase . Howeve r ,  
thi s  i s  of ten impos s ible in a Tropical Rain fores t because i t  i s  so 
species-rich and some of  the t rees are s trongly tolerant of shade and 
roo t compet i t ion so that they c an make at leas t some growth under the 
c rowns of tal ler trees . Hence , under ma ture tre es  of  one speci es , may be 
o the r s pe cies in a suppr es sed building s tage , and ye t o thers represent ing 
the pioneer phase . I f  the mature trees d ie ' on their feet ' , as  some 
certainly did in the Fatima bas in , each s tage may move up one , wi th new 
species coming in at the pioneer phase . When large t rees are blown down , 
other l arge trees  c lo s e  to them often remain s tanding ; thi s may 
eventually l ead to a very large mature or degenerate tree lying in a 
mat r ix o f  t rees in the building phase . In e i ther case there may be 
mixing in the phase s tructur e  of areas as smal l as 20 x 20 m .  
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The s tanding crop of trees on small s ites i s  al s o  a func t ion of the 
s pe ci es compo s i t ion ; thi s  i s  a reflec t ion of the regenera tion niches 
( sensu Grubb 1 9 7 7a ) of the variou s  species and chance event s in the 
his tory of the s i t e . Thus , if the species that succeed in invading and 
domi na ting a par ticular small s i te al l ma ture at 20-2 5 m ,  t he s t anding 
c rop when they are mature i s  likely to  be less  than if  the suc ce s s ful 
species matur e  at 30-35 m .  Much of  the variation i n  canopy height almo s t  
cer tainly arises from di f fe rences of  this type rather than from 
d i f ferences in the ag e of the trees . Further , i t  is  c lear tha t some tall 
trees reach much greater girths than others and the s tand ing crop in the 
mature phase on a par ticular s i t e  is l ikely to be much greater if , say , 
Da rcrycarpus c inctus or E laeocarpus pt ilanthus i s  the suc ce s s ful invader 
rather than Galbulimima belgr aveana or Macaranga albe scens . • 
' 
FIGURE 2 . 1  A ske tched profil e  d i agram of  the nor thernmo s t  halve s o f  
plo t s  2-6 , i . e .  o f  a s trip 1 00 x 10 m ,  and a plan o f  fallen 
and s t anding dead t imbe r plot s ,  i . e .  on a s t rip 100 x 20 m 
( north at bo t tom o f  drawing ) . Only trees o f  GBH � 3 0  cm 
drawn ; ver t i cal s cale same as horizontal . Thickne s s e s  o f  
logs abou t  twic e  t rue scal e . Only the coni fers among the 
tal le st trees are id ent i f ied : 
De , Dacrycarpus c inctus ; Pa , Podoc arpus archboldii . 
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Some of the var i e ty in s tand- s t ructur e  in the Fatima bas in fore s t  
can b e  seen i n  the pro f i l e  diagram i n  Fig . 2 . 1 . I t  i s  bas ed on plot s 
2-6 , referred to  below and shown in Fig . 1 . 3 .  Mo s t  of the trees were 
ske tched - without felling , but an indicat ion of absolute scale was 
provided by the many t rees felled on the ad jacent plot 1 and by a few 
trees felled in plot 4 ;  also , because the prof ile  ran along a r idge- top , 
i t  was po s s ible to check t he g eneral perspe c t ive from the next r idge to 
the nor th . In comparing the prof ile  d i agram wi th o thers pub li shed 
elsewhere , it should be borne in mind that it is based on a s trip 10 m 
wid e whereas the plo t s  fo r mo s t  o thers have been only 6 . 0 o r  7 . 8 m ( 20 or 
25 ft)  wid e ( c f . Grubb et al . 1 9 6 3 , Walker 1 96 6 , Pai jmans 1 970 , Havel 
1 9 7 1 ) .  Field notes on pl o t s  2-6 are summarized below .  
Plot 2 Uneven , two l a rge mature Dacrycarpus , par t s  wi th ra ther open 
canopy , many trees in late building to  early ma ture phase . 
P lot  3 One very t al l  s tanding dead tree ( s pecies unknown) , no t ably few 
logs , one talli sh Podocarpus but mo s tly young building phas e ,  
dense sapl ing layer in centre , s everal tree-ferns and o ther 
pho tophytes  in one corner , locally plent iful bamboo . 
Plot 4 No very t al l  t rees  bu t plenty of  large fallen t imber , l iving 
trees mo s tly middle-bui lding phase , qui te dens e s apl ing s  on 
wes tern par t ,  pl enty o f  bamboo in r e s t . 
Plot 5 Very large mat ur e  Podocarpus on one s id e ,  much o f  upper canopy 
rather open , mo s t t rees in early to  middle building pha s e , 
no table lack o f  sho rter trees , bamboo locally abundant . 
Plot  6 One very tall late  matur e Dacrycarpus on south s id e  ( no t  in 
profile  diag ram )  and ano ther very tall late matur e tree just  
ou tsid epl o t , r emains of a t  least s ix large trees  on the  ground , 
mos t  trees in young building phase , pho tophytes ( Saurauia spp . 
and tree- ferns ) wel l repre sented . 
Indirect methods are use ful to obt ain an e s t imate of the b ioma s s  of  
some particular fores t- type s . I t  i s  neces s ary to  do two thing s : ( i )  
det ermine the relat ionship between tree weight and s ome eas ily measured 
property such as  g ir th at  breas t height ( 1 . 3 7  m ) , and ( i i )  determine the 
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given property , s ay g ir t h ,  f or all trees in a cons iderable number of 
cont iguous plo t s  of uniform s i z e . One may t hen plo t  the cumulat ive mean 
biomas s  per uni t area agains t cumulative area and determine the ' minimal 
area ' , above which addi t ional plot s  do not bring about  variab i l i ty in 
mean bioma s s  l arger than a cer tain percentage ( e . g .  10% ) o f  that me an 
( cf .  F ig . 2 . 2 ) . Thi s  approach make s i t  po s s ible to s tate ( a )  t he 
' minimal area ' for a g iven fores t- type cons idering a part icular scal e  of 
s ampling of  b ioma s s , ( b )  the mean value of the bioma s s  characteris t i c  of 
a ' minimal area ' , and ( c )  the range of variation charac teristic  wi thin 
the ' minimal area ' at the scale of sampl ing s tud ied . It is l ikely t ha t  
pa tt erns of d ifferent sc al e exi st  in the bioma s s  per unit are a o f  a 
fo rest and thi s  means that s trictly the idea of ' minimal area ' should be 
appl ied not only to uni t-pl o t s  of the order of , say , 20 x 20 m ,  but also 
to  aggr egations of  diffe rent number s of such unit-pl ot s ,  e . g .  areas of 
0 . 2 ha and 0 . 4  ha . It  i s  also  nece ssary to  apply t hi s  kind of appr oach 
to s tud ies of product ivity in s peci es-rich fore s t s  i f  meaningful 
compari sons between fore s t-type s are to be made ; but no publi shed wo rk 
pr ovides informa t ion of  thi s type . 
).( 
/\/"x/---�-�-x 
Cumulat ive area of sample 
FI GURE 2 . 2 An illust rat ion o f  the 
idea of measur ing 
suc ces s ive plo t s  until an 
deg ree of fluc tua tion 
value is achieved .  
bioma s s  on 
accep table 
in the mean 
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The weights  of all trees were measur ed ( o r  in the case of the 
largest  specimens , e s t imat ed ) on a s ingle ' bi omas s  plo t ' ( = plot 1 )  of 20 
x 20 m toward the s id e  of a broad r idge in zone 3 ( c f . Fig . 1 . 3 ) . Thi s 
plo t was cho sen as having a more or les s cont inuous canopy and a high 
propor t ion of matur e or late-building phase  t rees . The immediate aim was 
to de termine the bioma s s  that could be r eached on a typical s ite of 
l imit ed s i z e  in thi s phase of  fo res t regenerat ion . The ground in the 
southern hal f  sloped down to the north at  c .  4 . 5 °  - 1 1 . 5 °  (measur ed with 
an Abney l evel ) ;  in the nor thern half the slope s teepened to 1 4- 1 8 ° . A 
very good st raightl ine f i t  was obtained between the square root of tree 
dry weight and gi rth a t  breas t height (Edwards and Grubb 197 7 , Fig . 1 ) . 
A summary o f  the bioma s s  resul t s  i s  pr esented below . 
In order to e s t imat e  the bioma s s  for the fore s t  as a whole , not just  
fo r patches rich in matur e trees , t he girths of  all t rees o f  GBH > 3 0  cm 
were recorded on f ive  fur ther plot s  ( shown in the prof ile diagram of  Fig . 
2 . 1 ) , each 20  x 2 0  m ,  cont inguous wi th the ' bioma s s  plot ' and running 
wes tward a long the rid ge from i t . The se quadrat s  also  slop ed down to the 
nor th but mo s tly at l e s s  than 14 and with a s lope of  0- 5  in their 
s outhern halve s . A wedge-shaped plot of 1 36 m had t o  be demarcated 
between plo t s  1 and 2 bec au se o f  a bend i n  t he r idge ; the t rees were 
mea sur ed in this plo t als o . 
The girths of the trees in the ' biomass plo t ' ( = plot 1 )  and in 
plo t s  2-6 , det ermined orig inally by P . J . G .  wi th an a s s i s tant , we re 
over-estimat ed through no t r igorously measur ing girth at ' brea s t  height ' 
( 1 . 3 7  m) . This became apparent when the gir ths were remeasur ed dur ing 
the felling and we ighing of the trees on plo t 1 .  The mean over- e s t imate 
was 9 cm for t rees of g ir th o r ig inal ly measur ed as ( 1 00 cm , and 2 2  cm 
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for those � 1 00 cm . The o rig inally measured gi r ths of all trees in plot s  
2-6 have been correc t ed b y  t he s e  amounts except that correct ions of  1 2  cm 
and 1 5  cm have b een made in t he ranges  100-1 1 9 and 1 20-1 49 cm in order to 
avo id trees chang ing in order of s iz e . 
Additional informa tion on dens ity and basal area of  trees o f  GBH > 
30 cm was obtained from two o ther s e t s  of pl o t s . 
( a ) The four s ites  used by Edwards to measur e l i t ter fall ( numbered 
I-IV and shown in Fig . 1 . 3 ) . The se s i tes we re 2 0  x 1 0  m but a 
5 m-wide s tr ip around was also s tud ied , g iving p lo t s  of  ove rall 
size 3 0  x 2 0  m .  Three o f  the four plo t s  ( I , I II , IV ) were 
chosen a s  being domina ted chiefly by mature or  late-building 
phase trees and the fourth ( I I )  as includ ing a s i z eable natural 
clearing caused by co llapse of a large tree . 
( b ) The s i te A ,  2 2  x 24  m ,  on a rid ge in zone 1 clear-felled to 
house a rain gaug e (.£· 7 0  m nor th of Edwards s i te I ) , also two 
cont iguous plo ts ( B  & C )  no t fel led , each 20  x 1 0  m ,  one to the 
nor th ,  one to  the south . 
The to tal height s of the trees were determined only on the bioma s s 
and raingauge clear ing plot s .  Ne arly all the t rees were ident i f ied on 
these  plo t s  and two plo t s  con t iguous wi th the raingauge clearing but in 
plo t s  2-6 this wa s not po s s ible because mo s t  of the crowns we re too f ar 
from the ground and no tree-climber was availabl e .  
The primary data are pre sented in Tables 2 . 2  to 2 . 5  and a summa ry i s  
given i n  Table 2 . 6 .  
TABLE 2 . 2 TREES OF GIRTH AT BREAST HEIGHT { GBH) )3 0 cm ON THE 
BIOMAS S  PLOT OF 2 0  x 20 m 
� Speci e s  � 
No . 
1 Podocarpus archboldi i 
2 Galbulim ima belgraveana 
3 Flinders ia p iment eliana 
4 Elaeocarpus p t ilanthus 
5 Sloanea pul leniana 
6 Dryadodaphne crassa 
7 Cryptocarya s p . 7 0  
8 Planchonella f i rma 
9 Ardis ia s p . 4 8  
1 0  Planchonella f irma 
1 1  P lanchone l la f irma 
1 2  Sloanea pul leniana 
1 3  Ficus sp . s . n .  ( los t ) 
1 4  Perro t te t ia alpes tris  
15  Sphenos temon papuanum 
16  Sloanea pul leniana 
17  Prunus gri sea 
18 Macaranga induta 
19  Caldcluvia nymanni 
2 0  Podocarpus archboldii  
21  Dacrycarpus c inctus 
22 Sloanea pul leniana 
2 3  Elaeocarpus s ayeri 
24 Li t s ea exsudens 
2 5  Dacrycarpus c inctus 
2 6  Planchonel la f irma 
2 7  Ar dis ia s p . 4 8  
2 8  Dysoxylum s p .  2 0 1  
2 9  Planchonella firma 
30 Sphenos temon papuanum 
3 1  Perro t t e t i a  alpes tris  
32 Planchonella f irma 
33 ?An thobembix/Kibar a  s p .  243 
34 Dacrycarpus c inctus 
35 Sloanea pulleniana 
36  Symplocos cochinchinensis 
37 Elaeocarpus s aye r i  
3 8  Planchonella f irma 
To tal 
Means { i ) t re e s  o f  G )30 cm 
{ i i ) tre e s  o f  G )60 cm 
Girth 
( cm) 
2 4 5  
2 2 0  
2 04 
1 70 
1 7 0  
1 52 
1 2 6  
1 1 6  
107  
1 04 
1 00 
8 7  
8 5  
8 2  
6 9  
6 8  
6 5  
64  
63 
63 
61  
60 
55 
55 
5 2  
5 1  
50 
48 
46 
45 
45 
43  
41  
40  
3 7  
3 4  
3 1  
3 1  
8 4  
1 04 
Basal a re a  
(cmzr-
4 7 7 9  
3854 
3 3 1 3  
2301  
2301  
1 8 3 9  
1 2 6 4  
107 1 
9 1 6  
8 6 1  
7 9 6  
603 
5 7 5  
5 3 5  
3 7 9  
3 68 
336 
326 
3 1 6 
3 16 
2 9 6  
2 8 7  
241  
2 4 1  
2 1 5  
207  
1 9 9  
183 
1 6 8  
1 6 1  
1 6 1  
1 4 7  
134  
1 2 7  
1 09 
92  
7 7  
7 7  
2 7 8 7 0  
He ight 
(m) 
34 
3 1  
3 7 . 8  
26  
2 5  
2 8  
2 7  
32  
23  
2 9  
28  
24 
22  
23 
2 1  
2 3  
1 9  
2 0  
2 3  
1 9  
2 0  
1 9  
2 1  
1 3  
20  
2 1  
1 5  
9 
1 5  
1 7  
1 6  
20 
14  
15  
16  
1 1 
1 6  
1 2  
2 1  
2 5  
69 
70 
TABLE 2 . 3 THE TREE S OF ) GBH 30 cm ON A PLOT OF 2 4  x 2 2  m CLEAR-FELLED 
ON A RIDGE-TOP IN ZONE 1 ( cf . FIG . 1 . 3 ) . 
Tree 
No . 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
19  
20 
2 1  
2 2  
23 
24  
25  
26  
27  
28  
2 9  
3 0  
3 1  
3 2  
Species � 
Crypto carya s p .  7 0  
Ascar ina phil ippinens is  
Ardisia s p .  4 8  
Litsea sp . 200 1  
Saurauia rufa 
Levi eria beccariana 
Lit sea sp . 2008 
P i ttosporum rami florum 
Syzygium s p .  2 0 1 3  
Planchonella firma 
Ascar ina phil ippinens is  
Ps ycho tria sp . 3 5  
Pandanu s s p .  s . n .  
?Monimiaceae ( crown l o s t  in felling )  
? Caldcluv ia ( crown l o s t )  
Li tsea s p .  2 00 1 
Pandanus  sp . s . n .  
Planchonella firma 
Bubbia sp . 6 1  
Perro t tetia alpes tris  
Caldcluvia nymanni 
Euodi ella hooglandii  
Perrot tetia alpes tris  
Caldc luvia nymanni i  
Syzygium subalatum 
Dead s tump 
Cryptocarya s p .  7 0  
Saurauia rufa 
Cryp tocarya s p .  7 0  
Mel icope monophyl la 
Cryptocarya s p .  7 0  
Cya thea pycnoneura 
To tal 
Mean ( i )  trees  o f  G > 3 0  cm) 
( omi t t ing 1 4 , 1 5 , 2 6  & 3 2 )  
( i i )  trees o f  G > 6 0  cm 
( omi t t ing 1 4  & 1 5 )  
Girth 
( cm )  
2 1 0  
1 9 5  
1 60 
1 5 8  
1 1 5  
l l S  
l OS 
103  
9 S  
9 0  
8 8  
7 7  
7 0  
6 9  
6 3  
6 2  
6 0  
S S  
S4 
S4 
so 
so 
5 0  
4 S  
4 5  
4 1  
40  
4 0  
3 7  
3 7  
3 S  
3 5  
83  
1 2 2  
Basal area 
( cnizr-
3 S 03 
302 1 
2034 
1 9 8 3  
lOS l 
lOS l 
8 7 6  
843 
7 1 7  
6 4 3  
6 1 S  
47 1 
389  
3 7 8  
3 1 5  
30S 
286  
240 
2 3 2  
232  
199  
199  
199  
1 6 1  
1 6 1  
1 3 4  
1 2 7  
1 2 7  
1 0 9  
1 09 
9 7  
9 7  
2090S  
He ight 
(m)  
2 7  
2 3 
2 7  
28 
22  
19  
18  
23 
19  
32  
lS  
9 
1 1  
? 
? 
1 9  
1 2  
2 4  
1 3  
1 4  
1 5  
2 0  
2 2  
1 6  
1 0  
1 4  
1 0  
1 2  
1 2  
1 2  
? 
1 8  
1 9  
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TABLE 2 . 4 THE TREES OF GBH ) 30 cm ON TWO PLOTS 20 x 10 m ( NOT FELLED ) , 
CONTIGUOUS WITH THE LARGER PLOT ENQMERATED IN TABLE 2 . 3 
Tree 
No . 
33 
34 
35 
36  
37  
38  
39 
40 
4 1  
42 
4 3  
44  
4 5  
4 6  
4 7  
4 8  
4 9  
5 0  
5 1  
5 2  
5 3  
54  
55  
5 6  
5 7  
58  
5 9  
6 0  
6 1  
6 2  
6 3  
6 4  
6 5 
6 6  
6 7  
6 8  
6 9  
7 0  
7 1  
Species � 
( a) Plot  to  the s outh 
Dacrycarpus c inctus 
Litsea exsudens 
Dacryc arpus c inc tus 
Caldcluvia nymannii 
Ardi s i a  s p . 48  
Caldcluvia rufa 
Caldcluv ia rufa 
Indet . 
Saurauia rufa 
Cyathea pyconeura 
Cryptocarya s p .  7 0  
Cr ypt ocarya s p .  7 0  
Cr yptocarya s p .  7 0  
Indet . 
Dead s tump 
Cryptocarya s p . 7 0  
To tal 
( b )  Plot to the nor th 
El aeo carpus p tilanthus 
Podocarpus archboldi i 
Cryptocarya s p . 232  
Cya thea pyconeura 
Dead ( ?  Ascar ina ) 
.Saurauia rufa 
Ascarina phil ippinens i s  
Dead ( Cya thea sp . ) 
Levieria beccariana 
Caldcluvia nymanni i 
Ascar ina phil ippinens is  
Living s tump ( head los t through 
felling nearby) 
Euodi ella hoogland i i  
Pandanus sp . s .n .  
Ascarina phil ippinens i s  
Pandanu s s p . s . n .  
Headless  l iv ing s tump 
Crypt ocarya sp . 7 0  
Crypt ocarya s p .  7 0  
Saurauia ruf a 
Pandanus s p . s . n .  
Pandanus s p . s . n .  
Saurauia ruf a 
To tal 
Girth 
( cm )  
3 2 0  
240 
2 30 
2 00 
1 6 5  
1 3 3  
1 30 
9 5  
8 5  
6 9  
6 5  
5 5  
5 2  
40  
38  
33  
310  
285  
l l 5  
1 05 
1 00 
7 5  
7 4  
7 0  
6 3  
5 5  
5 5  
5 4  
5 0  
4 5  
4 2  
4 0  
3 9  
3 8  
38  
3 8  
3 6  
3 5  
3 5  
Basal area 
( cm 2_) _  
8 1 3 5  
4 5 7 6  
4202 
3 1 7 8  
2 1 6 3  
1 405 
1343  
7 1 7 
5 7 4  
3 7 8  
3 3 6  
240 
2 1 5  
1 2 7  
1 1 5  
8 7  
2 7 7 9 1  
7 6 34 
6 4 5 3  
1 0 5 1  
8 7 6  
7 9 4  
4 4 7  
4 3 5  
389  
3 1 5  
240 
240 
2 3 2  
1 9 9  
1 6 1  
1 40 
1 2 7  
1 2 1  
1 1 5 
1 1 5  
l l5 
1 03 
9 7  
9 7  
20496 
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I t  may be seen from Table 2 . 6 that the d ens i ties  of trees of GBH � 
30 cm var ied on indiv idual plo t s  from the equivalent of  1 0 . 5  to 2 2 . 1  per 
200 m with mean value s for the ext ended samples ( 2 400 and 3 328  m2 ) o f  
7 33 and 8 1 0  per hec tare . These value s are well up in the range repor ted 
for Tropical Lowland and Montane Ra in fores t s  (�. 2 00- 1 000/ha see 
Pai jmans 1 9 7 0 , p .  8 0 , and Lampr echt 1 9 7 2 ) . Thi s  i s  not because the 
fo res t i s  made up of an extra large number of relatively slender t rees 
be cause the number o f  t rees o f  GBH > 6 0  cm is also relatively high ( 3 67 
and 4 10 /ha in the ext ended plo t s  compared with a commo n r ange of c .  
180-420/ha ) . The high value s for our second ext ended samp le ( zone s  1 and 
2 )  2 arise , in par t , from choos ing areas of fores t rich in mature trees 
ra ther than random samples but our o ther ext ended s ample ( plot s  1-6  in 
zone 3) did no t appear to be ou t s t and ingly dense or to have unusual ly 
large t rees compared wi th the res t of the Fat ima basin fore s t . The ratio 
of trees of GBH � 30  cm to tho se of GBH � 6 0 cm i s  be twe en 1 . 4 : 1  and 
2 . 6 : 1  for mo s t  plo t s  and the mean for bo th the extended s amples i s  2 . 0 : 1 ;  
all the se ratios fall in the range commonly reported for Tr opical Lowland 
and Mont ane Ra in fore s t s  ( 1 . 3-2 . 6 : 1 ,  c f . Grubb et al . 1 96 3 , p .  5 7 7 ) . 
The f ac t  that the ratio of smaller to larger trees i s  as  in other fore s t s  
sugge s t s  that the high absolute densi ties of  t r e e s  mea sured a r e  l ikely to  
reflect genuinely high ove ral l dens ities . In so far as  we cho s e  plo ts  
wi th large trees in  z one s 1 and 2 ,  we might have expected low ove rall 
dens ities . i . e .  a pauc ity of smaller trees . Thi s is  far from b eing the 
cas e . 
TABLE 2 . 5 GBH ( cm)  OF TREES OF GBH ) 3 0  cm IN QUADRATS 2-6 , 
WEST OF THE BIOMAS S PLOT 
Quadrat 2 262 , 1 7 3 , 1 7 1 , 1 5 8 , 1 4 5 , 1 2 5 , 1 22 , 1 20 , 1 1 3 , 1 06 , 1 05 , 8 5 , 7 3 , 7 1 , 6 7 , 6 5 ,  
6 1 ,61 , 5 5 , 53 , 5 1 , 5 0 , 4 5 , 3 2 , 3 1 , 3 0 , 3 0 .  
Quadrat 3 1 5 2 , 1 20 , 1 1 0 , 1 1 0 , 98 , 8 9 , 8 9 , 8 8 , 8 0 , 8 0 , 6 3 , 6 2 , 4 9 , 4 7 , 4 6 , 4 4 , 4 3 , 4 2 , 
39 ,39 , 3 9 , 3 7 , 3 3 , 3 2 , 3 1 , 3 1 , 3 1 , 3 1 , 3 1 , 3 1 , 3 0 .  
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Quadrat 4 1 34 , 1 1 5 , 1 1 0 , 1 1 0 , 1 03 , 9 1 , 8 4 , 7 8 , 7 8 , 7 6 , 64 , 6 1 , 5 9 , 5 9 , 5 6 , 53 , 5 1 , 4 8 , 4 7 , 
4 2 , 41 , 3 1 , 3 1 , 3 0 . 
Quadrat 5 3 1 0 , 1 7 5 , 1 4 6 , 1 4 6 , 1 30 , 1 2 1 , 1 04 , 80 , 8 0 , 7 8 , 7 7 , 7 6 , 6 9 , 6 7 , 5 9 , 5 3 , 48 , 48 ,  
4 6 ,46 , 4 4 , 4 3 , 4 1 , 4 0 , 4 0 , 3 9 , 3 8 , 3 7 , 3 5 , 3 3 , 3 3 , 3 2 , 3 1 , 3 0 .  
Quadra t 6 303 , 1 18 , 9 5 , 93 , 9 3 , 7 5 , 6 9 , 6 8 , 6 2 , 6 1 , 5 6 , 4 7 , 4 5 , 4 4 , 4 3 , 4 1 ,  
3 9 ,38 , 3 7 , 3 6 , 3 2 .  
Wedge- shaped area between biomass plo t and quadrat 2 
328 , 8 1 , 6 9 , 5 1 , 5 1 , 4 7  , 4 1 , 3 5 . -- -- -
The mean girths of  the t rees  over 6 0  cm GBH on the fel led plo ts  were 
104  and 1 22 cm and t he mean height s for these trees we re 2 5  and 1 9  m • .  
These  value s may b e  compared wi th 94  cm and 2 1  m for Lower Montane fores t  
and with 1 02- 1 1 0  cm and 2 3-26 m for Lowland fore s t  in Ecuador o r  with 1 10 
cm and 2 0  m for Lower Montane fores t and with 188  cm and 2 9  m for Lowland 
fore s t  in Africa ( Grubb e t � · 1 9 63 , p .  5 7 9 . )  Paijmans ( 1 97 0 , p .  85-7 ) 
gives corresponding f igures o f  105-125  cm and 2 6-35  m for 0 . 8 ha plo t s  at  
600-1 1 2 5  m in  Papua . Thes e  f igures conf irm the impres s ion tha t the 
Fatima bas in fore s t  seems to have had a s ta ture at the upper end of the 
range for Lower Montane fo res t s . 
It  i s  not able that Saunders ( 1 9 7 0 ) ,  when repo r t ing on the 
ext rac table t imber in Mixed Lower Montane Ra in forest in Go roka-Mt Hagen 
area , recorded a f igure of 9 00 0  super fee t per acre from trees of 5 f t  
( 1 . 5  m )  girth and greater , s lightly l e s s  than the figure of  1 0 , 000 super 
feet recorded for colline Lowland Rain fore s t  in the Gogo l-Ramu region . 
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The f igures for basal area varied widely in the Fat ima ba sin fore s t  
( rang e 0 . 2 7 - 1 . 4 0% f o r  smal l plo t s , mean of 0 . 8%  f o r  mo stly mature phas e  
plo t s , mean of 0 . 4 7%  for the ext ended sample in zone 3 ) . The last 
figure , which gives the bes t  indicat ion o f  the po sition in the forest  as 
a whole fits  we ll in the range for Montane Rain fores t s  in South America 
quo ted by Lamprecht ( 1 9 7 2 ) , 0 . 4-0 . 6% ( c f . 0 . 3-0 . 4 % for Lowland Ra in 
fore s t s ) . Pai jmans ( 1 9 70 )  repo r t ed value s o f  0 . 2 9-0 . 3 1 %  ( 0 . 5 7 %  with 
Arauc aria) for 0 . 8 ha plo t s  in fore s t s  at 600- 1 1 2 5  m in Pa pua . 
The estimat es of the aboveground biomass  o f  the trees o f  GBH > 3 0  cm 
vary by a factor of  abou t 6 for plots of  2 00-400 m2 , wi th equivalent 
values on a pe r hectare basis  of  1 5 8-925  t and means for the ext ended 
sample s of 295 and 5 1 9 t ha- 1 • One may think of  the biomas s  increas ing 
toward some asymp tot i c  value on any relatively small s i te and then 
falling dramat ically when the largest  trees die and fal l . It seems 
po ssible that  the asymptote  ( s trictly dependent on the spe cies pr esent , 
4 2 as noted earlier)  could be of the order of 1 000 t ha for plo t s  o f  200 m • 
The mean for the primary fore s t  as a who le in the Fatima bas in is l ikely 
to  have been about the same as in the ext ended sample in zone 3 ( 2 95  t 
ha- 1 ) ,  po ssibly a little  lower . To thi s value for trees of  GBH > 30  cm 
mus t  be added about 1 5  t ha- l for all o ther plant s ( Edward s  & Grubb 
1 97 7 ) .  - 1 The ove ral l  va lue of 3 1 0  t ha i s  only jus t below the range of  
value s reported for primary and old secondary Lowland Rain fore s t s  in 
various par ts  of the t rop ics ( 3 16-4 3 5  t ha- 1 ) .  The precise re sul ts  fo r 
bioma s s  and the ir evaluat ion are di scussed in detail elsewhere (Edwards & 
Grubb 197 7 ) .  
TABLE 2 . 6  SUMMARY OF DATA FOR DENSITY , BASAL AREA AND E STIMATED BIOMAS S OF TREES OF GBH �30  CM ON VARIOUS PLOTS . 
Taken par tly from Edwards  ( 1 9 7 3 ) and Edwards and Grubb ( 1 9 7 7 ) . 
Ar ea Live t rees per 2 00 m2 Live trees per ha Bas al E s t imated Bioma s s  
(m2 ) 3 0  cm 60 cm 3 0  cm 60 cm Ar ea t per t ha- 1 
GBH GBH GBH GBH ( % )  s i t e  
Zone 3 
---sfomas s Plot ( P lot 1 )  400 1 9 . 0  1 1  950  550  0 . 7 0  1 9 . 6  4 9 0  
Plot  2 400 1 3 . 5  9 6 7 5  4 5 0  0 . 6 1  1 5 . 3  383  
Plot 3 400 1 5 . 5  6 7 7 5  300 0 . 2 8 6 . 6 5  1 6 6  
Plot 4 400 1 2 . 5  6 625  300 0 . 2 7 6 . 3 1  1 5 8  
P l o t  5 400 1 7 . 0  7 850  350  0 . 5 7 1 4 . 3  3 5 8  
Plot 6 400 1 0 . 5  5 5 2 5  2 5 0  0 . 3 7 8 . 7 3 2 1 8  
Total or means 2 , 400 1 4 . 7  7 . 3 7 3 3  3 6 7  0 . 4 7  7 0 . 9  2 9 5 
Zone 2 --r:f tte r fall s i t e III  ( gully ) 2 00 - - - - 1 . 4 0  1 8 . 5  9 2 5  
( plus 5 m ar ound ) 600 1 3 . 7  6 . 3  683  3 1 5  0 . 80 3 1 . 3  5 2 2  
Litter  fal l site  I V  ( s lope) 2 00 - - - - 0 . 9 8 1 3 . 3  6 6 5  
( p lus 5 m ar ound ) 600 1 8 . 3  1 0 . 0  9 1 5  500 0 . 6 4  2 4 . 9  4 1 5  
Zone 1 
--r:Ttter fall s i t e  I ( high for e s t  
on r idge ) 2 00 - - - - 1 . 1 7  1 4 . 8  7 40 
( p lus 5 m ar ound ) 6 00 1 6 . 3  7 . 3 8 1 5  3 6 5  0 . 6 3 22 . 5  3 7 5  
Litter  fall s i t e  I I  ( natur al 
clearing on r idge ) 200 - - 0 . 7 1  9 . 2 460  
( p lus 5 m around ) 600 1 6 . 6  9 . 3 830 4 6 5  0 . 83 3 2 . 0 5 3 3  
Ra ingauge cl earing s i te  5 2 8  1 2 . 5  6 . 5 6 2 5  3 2 5  0 . 40 1 2 . 9  2 44 
Cont iguous plo t  S 2 00 1 5 . 0  1 1 . 0  7 50 5 5 0  1 . 3 9  1 8 . 2  9 1 1  
Cont i guous plot N 200 2 1 . 0  7 . 0  1 , 050  350 1 . 02 1 2 . 5  6 2 6  
Total o r  means f o r  zone s 1 and 2 3 , 32 8  1 6 . 2  8 . 2 8 1 0  4 1 0  0 . 8 1  1 5 4 . 3  5 1 9  -...) VI 
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( b )  Comparison of Fa t ima ba sin fo res ts  wi th Lower Montane for es t s  
elsewhere in New Guinea 
The Lower Montane Zone is much more extens ive than the Upper Montane 
or Subalpine Zone s  and i s  of much more importance to man , both because 
the forests  contain more valuable t imber and because the c l imat e  makes it  
po s s ible to  grow a much wider var ie ty o f  c rop s . At  the generic level , 
the tree and shrub flora o f  the Lower Montane Ra in fores t s  i s  relatively 
wel l  known and there i s  l i t tl e  po int in making the kind of det ailed 
comparison of different areas that is attempted for the Upper Montane and 
Subalpine fores ts  in Chap ter 3 .  Mo reover , the number of genera in any 
one area i s  large and many apparent d i f ferences  between areas may reflect 
the incomple t enes s  o f  the available desc ript ions . The main ob j e c t s  o f  
thi s sect ion are t o  examine the ext ent t o  whi ch the primary fore s t  i n  the 
Fa tima bas in was typical of the Lower Montane Zone and to summarize the 
available data on the al t i tud inal l imi t s  of the ma jor fores t- type s 
inc luded in the Lower Montane Ra in forest  fo rmat ion . 
The ext ens ive surveys o f  the CSIRO Land Re search D ivis ion have shown 
that three ma jor flori s tic types exi s t  in the Lower Montane forma tion : 
( 1 )  ' Oak forest ' ,  i . e .  for e s t  dominated by Ca s tanop s i s  acumina t i s s ima 
( Bl . ) A . DC .  and / o r  Li thocarpus spp . ( usually at  900-2400 m) 
( 2 )  ' Be ech forest ' ,  i . e .  fores t  d ominated by No tho fagu s s pp . ( u sual ly 
found a t  2 1 00-2 700  m in the main ' s pine ' of  New Guinea ) ,  
( 3 )  ' Mixed fores t ' ,  i . e .  fores t  wi th no s ing le dominant flori s t i c  
element but wi th abundant Cunoniaceae , Elaeocarpac eae , Lauraceae 
and Podocarpac eae ( found from 1 000 t o  3000 m) . 
A fur ther minor type , dominat ed only by Podocarpaceae , is  found i n  
c ertain swampy areas and in narrow b e l t s  around the gras s land o n  some 
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val ley floors ( Ro bbins & Pullen 1 9 65 ) . Valuabl e vege tation maps , based 
on aerial pho tographs and showing the distribut ion of t he three Lower 
Montane fo res t- type s , hav e  b een publi shed for l arge areas ( cf .  Robbins 
& Pullen 1 9 6 5 ; Robbins 1 9 7 0 ; Pai jmans 1 9 7 3 ) . More recently , and 
unfortunately , Pai jmans ( 1 9 7 5 ) has included in his "Lower Montane 
Fores t " , the Uppe r  Montane Ra in Fores t as wel l  as the three f lori s t i c  
type s l is ted here . 
( i )  Re lations between three Lower Montane types 
Flori s t ics of  trees and shrubs . The three main type s l i s ted above have a 
gr eat deal in common in t erms o f  flori s t ic content . The cont inuum 
between Mixed and Beech fores t s  was made plain by Walker ( 1 9 66 ) , who 
f ound that s tands in the Wes tern Highl ands dominated by No tho f agus pulle i  
S t een . represented merely a nodal type . Inspe ct ion o f  the l i s t s  o f  
genera given for t he three fore s t  type s i n  the papers quo ted above and in 
those of Lane-Poole ( 1 925 ) , Bras s ( 1 94 1 , 1 96 4 ) , Lam ( 1 945 ) , Saunders 
( 1 96 5 , 1 9 7 0 ) , Walker ( 1 9 66 ) , Flenl ey ( 1 9 6 9 ) and Hyne s ( 1 974 ) l ead to  the 
conclusion that mo st  Lower Montane genera occur in at leas t two of the 
Lower Montane forest-type s ,  i . e .  Oak and Mixed , or Beech and Mixed . In 
so far a s  genera are abs ent from Beech fore s t s , t hi s  i s  l argely a 
reflec t ion of ' preference ' for l ower a l t i tudes . Genera apparently no t 
recorded for Be ech for e s t s  in the mountainous ' s pine ' o f  New Guinea are 
Albiz ia ( LL ) , Araucaria ( L ) , C edrela ( LL) , Di chroa , Dillenia ( LL ) , 
Diospyr os ( LL ) , E lmer illia ( L ) , Engelhardtia , Guioa ( LL) , Mallo tus (LL ) , 
Mus saenda , Myr i s tica ( L ) * , Ne onauc l ea ( L ) , S t er culia ( L ) * ,  Talauma . 
* Recorde d by Hyne s ( 1 9 7 4 ) in No thofagus-dominat ed fores t on an outlying 
range near Lake Kut ubu at c . 9 00 m .  
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Those  marked ( L )  are recorded by Saunders ( 1 965 , 1 9 70 ) as being found 
chiefly at lower alti tudes  and tho s e  marked ( LL )  have been observed by 
one of us ( P . F . S . )  to show the same t endency . None of the se genera was 
found in the Fat ima b as in . No r wer e  Cas tanop s i s  o r  Li tho carpus found 
there though both were  s een as i so lated individuals on the grassy , 
defore s t ed s lope s be twe en Asaro and Marafunga , up to 2 2 00 m a t  leas t . 
Oak fore s t s  are o f t en relat ively poor in flor i s t ic cont ent , pe rhaps 
partly because many of t hem are on relatively unfavourable s i t e s . Al so , 
many o f  the s t ands dominated by Cas tanop s i s  appear to be s econdary , e . g .  
in t he Bulo lo valley ( A . N . Gillison per s . comm . ) and e l s ewhere ( D . 
Walker pers . comm . ) ;  Ca s tanop s i s  may als o per s i s t  in depleted forest  by 
vir tue of i t s  vigorous coppic ing hab i t . A l i s t  of Lower Mon tane genera 
not ye t recorded i n  Oak fores t s  would almo s t  certainly contain many that 
are not more common in the upper part of the Lowe r Montane Zone than in 
the lower part . However ,  genera common to  Mixed and Be ech fo rests  and 
whi ch probably are character i s t ic of the upper par t  of the Zone are the 
fol lowing : 
Dicksonia ,  Le ptopt eris , Dacrydium ( H ) , Dacrycarpus , Papuacedrus (H) , 
Phyllocladus ( H ) , Podocarpus s . s . ,  Al phi toni a ,  Amaracarpus , As carina 
( H ) , Bubbia , Carpod e tus , Claoxyl on ( H ) , Cyr tand ra , Da phniphyllum , 
Decaspe rmum , Drimys , Dryadodaphne , Halfordia ( H ) , Harmsiopanax , I l ex 
(H) , Oleari a ,  Polyosma , Quintinia ( H ) , Rhamnus , Sericolea , S treblu s , 
Weinmannia (H)  ( and pos s ibly other Cunoniaceae - the generic limi t s  
are presently under debate ) , Wiks troemi a , Xanthomyrtus ( H ) , 
Zanthoxylum ( H) . 
Thos e  marked ( H )  are recorded by Saunders ( 1 965 , 1 9 7 0 )  as  chiefly found 
a t  higher al t itude s .  F ew o f  the s e  g enera occur in Lowl and Ra in forest , 
many are found in Upper Montane Rain for e s t  ( cf .  Chapter 3 )  and almo s t  
all are recorded from t he Lower Montane Rain fore s t  of the Fatima basin -
all except Dacrydium , P hyllocladus , Carpodetu s  and Daphniphyllum . 
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Al togethe r we r ecorded 8 9  genera of trees and shrubs from t he Lower 
Mont ane fores t o f  the s tudy area ( including s even only on the forest 
margin) . Of  the se , all but 1 8  had been ment ioned in the repor ts  o f  Lower 
Montane fore s t  by Robbins & Pullen ( 1 96 5 ) , Robbins ( 1 97 0 )  or Saunders 
( 1 9 65 , 1 9 7 0 ) : 
Act inodaphne ( H ) , Al angium ( H ) , Caldcluvia ( H ) , Coprosma ( forest 
margin only ) , Co rynocarpus , Cypho lophus , Dysoxylum , Endospe rmum , 
Elattos tachys , F lindersia ( H ) , Kibara ( H ) , Me liosma ( H ) , Nauclea , 
Phyllanthus , Pouzo l z ia , Procr i s , Rhyt icaryum , S teganthera (margi n  
only ) and Wiks troemia . 
Those marked ( H )  were recorded by Hynes ( 1 9 74 ) from variou s  No thof agus 
fores t s  in the Eas tern or We s tern Highland s D i s tric t s . The non-recording 
of Caldcluv ia turns on a t axonomic problem - R . D . Hoogland ( 1 9 79 ) has 
placed in Caldcluvia plant s a s s igned by Robbins et  al . to Opocunonia and 
Spiraeop s i s . Apart  from Coprosma ,  S t eganthe ra and Wiks troemi�, none of 
the gener a recorded by us but not by Robb ins � al . is  par t icularly 
characteris tic of the upper rather than the lower part of  the Lower 
Montane Zone . 
The genera recorded by Robbins , Pul len and Saunders in Lower Montane 
fores t ,  no t s een by us in the Fat ima ba s in and not on the l i s t  of lower 
al t i tud e genera given above wer e the following : 
Dacrydium , 
Carpode tus 
Genios toma , 
Poikilogyne . 
Phyllocladus , As t ronia , Be ccarianthus , Calophyl lum , 
( U ) , Daphniphyl lum (U ) , Fagr aea ( U ) , Garc inia , Gardenia ,  
Gordonia , Mearnsia , Neubergia , Phaleria , Plate a , 
Gene ra of  the Cunoniaceae are no t l i s ted because o f  confus ion over 
the ir names . Genera marked ( U )  were  seen in t he Upper Montane forest  on 
Mt Kerigomna . Phaleria has b een collected by others on the bank o f  the 
River Fat ima ( c f . S tevens 1 9 7 4 a ) . The mos t  s tr iking abs entee s are 
Calophyllum and Garcini a  ( bo th very widespr ead ) and As tronia ( s imilarly 
wide spread and seen in LMRF on Mt O t to , P . J . G . ) .  We have no par ticular 
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explanat ion for the apparent abs ence of these genera . Other widespr ead 
Lower Montane g enera not recorded by Robbins , Pullen or Saunders and no t 
seen in our s tudy area are 
Acalypha , Antidesma , Ar throphyllum , Clethra , Ge itonopl esium , 
Glochid ion , Linociera , Memecylon , Octamyr tus , Osmoxylon ( s een · on Mt 
Ot to , P . J . G . ) ,  Rhodamnia and Wendlandia . 
The to tal number of wi despread and common gene ra o f  trees and s hrub s 
in t he Lower Montane Zone of  the eas tern end of  the central par t  of the 
' sp ine ' of New Guinea is at least 1 3 6 ; thus the sample in the Fatima 
bas in ( 89 )  is only about 6 5% c omple te . If the whole of the ' spine ' o f  
New Guinea wer e to  b e  consid ered and all the rare genera inc luded , the 
total mi ght well exc eed 200 . 
( ii )  Relat ions between Lower Montane and Lowland types 
Floris tics of Trees and Shrub s . S ince many o f  the Lower Montane genera 
also occur in the Lowland Ra in fo res t ,  it is useful to summarize the 
Lowland element s  which are character i s t ically abs ent from Montane fores t .  
The mo s t  no table are : 
Anacardiaceae : Buchanani a ,  Campnos pe rma , Dracontomelum , Mangi fera , 
Rhus* , Semecarpus* , S pondias ( s ee Van Royen 1 9 64b ) 
Annonaceae : Cananga , Polyalthia 
Bur seraceae : Canar ium ,  Garuga , Haplolobus 
Combretaceae : Terminalia ( s ee Coode 1 96 9 ) 
Dipte rocarpac eae : An isoptera , Hopea , Vatica ( s ee van Royen 1 9 6 5a ) 
Tetramelaceae : Oc tomeles 
Ulmaceae : Celtis  
In this l is t ,  the genera marked wi th an as terisk are rare in Lower 
Montane fore s t  Semecarpus i n  LMRF chi efly i n  low-alti tude No thofagu s 
fores t ,  e . g .  near Lake Kutubu and in New Bri tain . Other widespr ead and 
predominantly lowland genera in New Guinea are : 
Gne taceae ( L ) : Gne tum 
Palmae : Ar chontophoenix , Areca , Caryo ta and Licuala 
Apocynaceae : C e rbera 
Bi sho fiaceae ( L ) : Bi schofia 
Chrys obalana ceae ( L ) : Parinari 
Elaeocarpaceae : Aceratium 
Euphorbiaceae : Pimeleodendron 
Flacourt iaceae : Homalium , Pangium and Tr ichad enia 
Le eaceae ( L ) : Leea 
Legumino s ae : In tsia and Pt erocarpus 
Me liaceae : Aphanamixi s and Chiso cheton 
Monimiaceae : He rnandi a  
Moraceae : Artocarpus 
Myr i s ti caceae : Gymnacranthera and Hor s f i eldia 
Nyc taginaceae ( L ) : P isonia 
Rhamnaceae : Z i zyphus 
Rubiaceae : Anthocephalus 
Sapindaceae : Harpullia and Pome t ia 
Sa potaceae : Chrysophyl lum and Palaquium 
S imaroubaceae ( L ) ;  Ail an thus 
Sterculiaceae : P terocymbium 
Til iaceae ( L ) : Microco s  
Urticaceae : Po iki lospe rmum 
Verbenaceae : Gmelina , Vitex and V i t icipr emna 
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In this l i s t  only the families marked ( L )  appear to be l imi ted to the 
Lowland Zone but al l o f  the o thers are much more prominent in Lowland 
rather than Lower Montane fores t . 
Other l i fe-forms . I t  i s  not po s s ible to make as d etailed a compar ison 
between t he Lower Montane for e s t  of the Fa tima ba s in and tha t  elsewhere 
in respect of l i fe-forms o ther than t rees and shrubs because the 
publi shed accounts  are obviously incomplete . Our l i s t s  of  genera o f  
herbs , climbers and s cramblers , and epiphytes  include mos t o f  tho s e  in 
the relativ ely ext ens ive l i s t s  o f  Ro bbins ( 1 970 ) and i n  the shorter l i s t s  
of  sev eral other wri ters . There i s  n o  doubt that the herb layer i n  mo s t  
Lower Montane Mixed and Beech for e s t s  i s  dominated by Ur ticaceae 
(Elatos temma and Pilea )  with frequent Gesne riaceae ( Cyr tandra ) , 
Z ing iberaceae ( Alpinia ,  Ri edel ia)  and Chloranthus . Ground ferns are 
s omet imes more  var ied and abundant than in the Fatima basin , chiefly in 
areas wi th r elatively frequent fogging ( see , e . g . , Lam ' s ( 1 9 4 5 ) account 
fo r the nor thern s lopes of the Snow Mountains ) .  A notable apparent 
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ab sentee in the Fatima basin is Argos temma ( Rubiaceae ) ;  thi s flourishes 
in part icularly damp s i tes  and i s  mos t  abundant in places wi th frequent 
fog ( P . F . S . ) . In contrast , observe rs from the t ime of Lane-Poole ( 1 925 ) 
onwards have r emarked how many Oak fore s t s  are almo s t  d evoid o f  a herb 
layer ; this i s  probably in part a reflect ion of the s econdary na tur e  o f  
some s tands and i n  par t a reflect ion of the relatively s evere droughts 
experienced in a t  leas t some s tands on shal low s o ils  on ridge s ,  e . g .  on 
Mt Suckling ( S tevens & Veldkamp 1 9 80 ) , c oupled with a lesser  incid enc e of 
fo gging than in mo st higher-alti tude Lower Montane for e s t s . 
( i i i )  Fo re s t  s truc tur e 
Statur e . I t  i s  a remarkable fac t that , although there i s  a marked fal l 
in fore s t  he ight from the Lowland to the Upper Montane Zone , t he re i s  
cert ainly no t a g eneral decrease i n  height o n  pa s s ing upward within the 
Lower Montane Zone . Al l the relevant autho rs are ag reed tha t  the Oak 
fores ts  are rarely mor e  than 24-27  m high whereas the Be ech fores t s  
commonly re ach 35-40 ( -45 ) m* . The mixed forest generally var ies in 
he ight be tween 24 m and 30 m throughou t its  a l t i tud inal range . Thus the 
Fa tima bas in fore s t  ( 3 0-37  m tal l )  was , despi te the relatively high 
al t itude ( 2 500-2600 m ) , as tal l as any New Gu inea Lower Montane fore s t  
lacking Araucar ia  and No thofagus . I t  i s  no table tha t several d i f ferent 
genera wer e found to reach 3 2-3 7 m in the s tudy area ( Dacrycarpus , 
Podocarpus , F linders ia , Macaranga , P lanchonell a ) . 
* When emergent Araucaria i s  pre sent , i t  gener ally reaches 60-70 m ;  i t  
i s  u sually found only i n  lower part o f  the Lower Montane Zone ( Havel 
1 9 7 1 ; Gray 1 9 7 3 , 1 9 7 5 )  but it can occur in Uppe r Montane Ra in for e s t  
( cf . Chapter III , par t d ( i i ) ) 
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Dens ity � basal area . There are few preci s e  dat a  available on dens ity 
and basal area for Lower Montane fores t in New Gui nea but i t  i s  c lear 
tha t  there is  gr eat variat ion ( cf .  Saunders 1 9 6 5 , 1 97 0 ) . I t  is certain 
that the Fatima basin fore s t  was excep tional in the general occurence o f  
trees reach ing a g i r th ) 2 . 5 m and that thi s c an be related to the gentle 
t opogr aphy . Mo s t  Lower Montane forest l ie s  on steep slopes o r  re latively 
sharp ridge s and rathe r  few t rees l ive long enough on the s teep slopes to 
reach more than 1 . 0- 1 . 5  m g i r th - t hey are too uns table . In contras t , 
the t rees along ridge- tops are o f ten long-lived and commonly r each 
d iameters � 2 . 5  m. This featur e was seen very c learly in Phyl locladus 
hypo phyl lus on ridge s a t  c .  2000 m near  Marawaka , _£• 1 00 km s outh-e ast 
o f  Go roka , and in Ar aucaria cunninghamii on Mt Suckling . Mo re commonly 
the huge r idge- top trees are formed by No thofagus .  The real i ty of the 
contras t in s tabil i ty between r id ge- t op soils  and s lope- s o i l s  was shown 
elegantly by t he mineralogical and chemical analyses  of Lee ( 1 969 ) for 
Kolombangara in the Solomon I s . 
Variat ion with topography . Such cons iderat ions lead to the general i s sue 
of var iat ion with t opography in t he fore s t , which appeared to be minimal 
in the Fatima bas in . Th is  wa s ag ain a typical . In mos t  areas whe re Lower 
Montane fore s t s  remain , the terrain is  s t eeper and the ridge fores t i s  
more  or l e s s  d i s t inct from the slope and gully fores t . In the middle of  
the  Lower Montane Zone there i s  of ten Beech fore s t  on the r idge s and Oak 
or Mixed forest on the slope s .  At lower al ti tudes there is often Oak 
fo rest  on the r idge s and Col line Lowland fore s t  on the slope s . At h igher 
al� i tude s  there is o ften Upper Montane fore s t  on the r idge s  and Beech or 
Mixed fores t on t he slopes - very rarely thi s is  found a t  lower al t itudes 
on the main ' s pine ' o f  New Guinea ( Chapter I I I , par t d { iv ) ) .  When the 
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r idges grade into rock out crops and cliffs , r emarkable dwarfed fore st  can 
occur , presumably at any height in the Lower Montane Zone ( cf .  several 
examples c i ted by Soepadmo 1 9 7 2 ) . Brass ( 1 94 1 , p . 30 1 )  provided one of 
the f irs t records , f inding No tho fagu s only 2-3 m t al l  on such a s i t e  on 
the nor thern slopes of the Snow Mountains ( W . I r ian ) . The vegetat ion 
map of Ha ant j ens � 2..�· ( 1 9 7 0 )  shows how widespread tall No thofagus 
r idge-fore sts  are in the Ea stern Hi ghlands , though absent from t he Fatima 
basin . There are repo r t s  of isola ted trees of No thofagus in the bas in 
but we have seen no s pe c imen ; such i s o lated trees have been confirmed in 
o ther areas . As mentioned earlier , it is  doubt ful whe ther any g enera of 
trees and shrub s are found in higher-a lti tude Mixed forest  and abs ent 
from Be ech fores t .  Never theless  our own obs ervat ions sugge s t  that 
cert ain gene ra are relatively mor e  common in the Beech fore s t s , e . g .  
Drimys and Weinmanni a ,  but many mor e obs erva tions are needed on this 
po int ( c f . Hyne s 1 9 7 4 ) .  There is  a dearth of  prec ise  inf ormation on the 
differences in the ground f lora and in climbers and epiphyt es be tween 
Nothofagus r idge-forests  and mixed for es ts on the slopes . 
The only very marked chang e in fore s t  compo s i t ion wi th topogr aphy in 
the Fatima ba s in concerned the g round f lora res tric t ed -to  a few small , 
deeply cut rav ines ( s pecies  marked 8 in the f inal column o f  Table 2 . 7 ) . 
I t  was notable that plants  apparently ident ical with mo s t  of the species 
conce rned were found in the slope fores t at .£.· 2 000 m above Marawaka 
wi thout any obvious pr o t e c t ive topogr aphi c f eatures  ( Bl echnum s p .  2205 ,  
P ronenphr ium womersl eyi , Tr ichomane s maximum , Leptopte ris  alp ina , P t eri s 
sp . 2 20 , Dianella ens ifolia , Symbegonia s p .  2 1 8 ) . I t  seems l ikely that 
the slope concerned suffers a g ood deal of  fog while  we know that the 
Fatima bas in was s ingularly free of it and probably s ub j e c t  to more 
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effective drying out periodi cally . The Marawaka fo rest  was in general 
f lori s t i c  content very like that in the Fatima bas in .  In a s ingle day , 
4 3  tree species  apparently also  found in the Fatima basin were recognised 
and only 1 3  unfamiliar species (mo s tly in famil iar genera ) ; the rat io of  
familiar to  unfamiliar was s imi lar for the shrub s , herbs and climbers . 
The c onf inement of  s ens i t ive s pecies to  protec ted ravine s i s  
con s i s t ent wi th the relatively poor  development o f  epiphyt ic bryophytes 
on the trunks of big trees and in the crowns o f  lower growing trees and 
shrubs . Probably the Fat ima bas in fore s t  was as lacking in such 
bryophytes as any primary fore s t  of i t s  altitude in New Guinea . The 
li teratur e shows that Mixed for e s t s  and Beech fore s t s  are o f t en very 
heavi ly ' mo s s ed ' , e specially on the outer s lope s of the main ' spine ' of 
New Guinea , exposed to frequent fog ( c f . Bras s 1 9 4 1  or Lam 1 9 4 5 ) , and 
als o on New Br i tain ( P . F . S . ) . Less often Oak fore s t s  are s t rongly 
' mo s s ed ' ;  as  indi cated earlier , they are less  of ten sub j e c t  to long-
per s i s tent fog . 
( iv )  Summary o f  s tatus of Fatima basin fore s t . 
The Fatima basin fore s t  is  typical of the uppe r part  of the Lower 
Montane Zone in i t s  content of tree and shrub genera . I t  contains abou t 
6 5 %  of the common tree and shrub genera recorded from the Lower Montane 
Zone in the eas tern end of the central part of the ' s pine ' of New Guinea . 
The flori s tic content o f  o ther life-forms i s  also probably typ ical . 
However , the fore st  represents an extreme c ase in terms of i t s  height , 
i t s  s tocking of l arge-girth trees , i t s  pauc ity in epiphytic mo s s e s  on the 
trunks and lower c rowns , i t s l ack of s trongly drought- s eris i t ive herbs 
o ther than in pro tected s i tes , and i t s  apparent lack of floristic  
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var iation between ridge s , s lopes and gulli e s . Far mo re species have been 
recorded in a l l  li fe-forms than from any previous area bu t this i s , in 
part , a re flect ion of the length o f  the study period and it may we l l  be 
that o ther fores ts in the Ea st ern Highlands and Wes t e rn Highlands are 
s imilarly rich . 
( v )  Al t i tudinal lim i t s  o f  Lower Montane fores t- type s . 
No tho fagus-domi nat ed forests  are rare below c .  2 1 00 m in the ma jor 
rang e s  of the main ' s pine ' o f  New Guine a .  However , they descend to 9 00 m 
on limes tone in the heavy rainfall area around Lake Kutubu on the south 
s ide of the ' s pine ' ( Ro bbins & Pullen 1 9 6 5 ) , and on o ther rocks in the 
sub sid iary rang e s  on the nor th s id e  of the Snow Mountains in w. I rian 
( Br a s s  1 94 1 ) . S imilar ly the l ower limit of  No tho f agus-domina t ed s t ands 
in the i so la ted Cycloop Range ( geology var ied ) is .£· 1 000 m ( van Royen 
1 9 6 5 b )  and on the l imes tone range s of the i sl and of New Br i tain 
c .  800-1 100 m ( P . F . S . obs erva tions ) .  S tands occur at intermediate 
elevat ions in e a s t e rn Papua , e . g .  a t  c . 1 800 m on Mt Dayman ( Br a s s  1 9 5 6 ) 
and a t _£• 1 70 0  m on Mt Suckl ing ( S t evens & Ve ldkamp 1 9 8 0 ) . In all the 
areas wi th a lower l imit of 9 00- 1 100 m there is e i ther a v ery high annual 
rainfall or frequent fogging or bo th . Other obs ervations s trongly 
sug ge s t  that these fac tors are all-impor tant , e . g .  t he abundance of 
No thofagus in the very we t Bundi catchment of the Bi smark Range bu t 
vir tual absence over large areas on the drier s outhern slopes , and the 
general tendency t o  inhabi t  r id ge- t op s  which are o f t en s igni f i cant ly mor e  
fr equently fogged ( s ee ,  e . g . , Flenley 1 9 69 ) . Al though this pr imary 
a s so ciation with high rainfal l and fr equent fog is convinc ing , there are 
many fe atures  o f  the d i s tr ibution o f  No thofagu s which remain enigma t i c  
( see  Hyne s 1 9 7 4 ) . 
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The l ower limit  of extens ive Oak forest  is general ly between 8 00 and 
1 000 m ,  a s  r epor ted by var ious authors  in the C SIRO Land Re search series  
for eas tern and c entral Papua , f o r  the Goroka-Mt Hagen and Wabag-Tari 
areas of the Papua-New Guinea Hi ghlands and for the To rricelli and Princ e 
Al exander Mount ains . These  common lim i t s  are more or  l e s s  agreed also by 
Lane-Poole ( 1 92 5 ) , Bras s ( 1 9 4 1 , 1 9 5 9 , 1 9 6 4 )  and van Royen ( 1 96 5 b )  for 
area s including the nor thern slopes of the Snow Mountains in w .  Irian 
and tho s e  o f  th� B i smark Range , t he Cyc loop Mtns , the Fini s t erre and 
Saruwake t Ranges and Normanby and Fergusson I s lands . The same is found 
in New Bri tain ( P . F . S .  observa t ions ) .  Mo st  of the rel evant authors  no te  
that isolated Oak-dominated s tands are found on  ridge- t ops as low as 
400-600 m .  On Ro s se l  Is . i n  the Loui s iade Archi pe lago the lower limit 
i s gene ral ly 300 m and on Sudes t I s . 150 m ( Brass  1 9 5 9 ) ;  Cas tanop s i s  
occurs below 3 0 0  m in s tands o n  New Br itain ( P . F . S . ) .  I n  the Morehead 
River-Kiunga area of we s t ern Papua s tands o f Ca s t anop sis  (with 
Li thocarpus and Caldcluvia ) are found on many ridge s at  1 00 m alt itud e  
( Pai jmans 1 9 7 1 ) ,  and o ther montane taxa grow a t  low al t i tud es there . 
At l east  in the Papuan case thi s lower ing of  l imi t s  may be related 
to the very frequent overhead cloud as sociated with the high rainfall ( > 
4000 mm per annum ) and the l ack o f  prolonged heat ing of  the canopy by the 
sun ( c f . Chapter I I I , part e )  whi ch may l ead to l e s s  than op t imal growth 
o f  Lowland species and r educe their  c omp e t i t ive power so  that the montane 
species can invade and pe r s i s t  wi thout thems elve s  be ing ove rheated . 
Pai jmans ( 1 9 7 1 ) no tes  that s imilar low a l t i tude s t ands of  Ca s tanop s i s  
extend into the region o f  Mo nsoon climate and Semi-Evergreen Lowland 
Forest  and c on s iders that relatively o pen fores t s  on infertile  soil are 
the prime r equirement for the low-alt itud e occurrence of Castano p s i s . 
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Generally the Oak fores t s  g ive way to co ll ine Lowland Ra in fore s t , 
in which indeed Cas t anop s i s  and Li thocarpus o f ten occur in small numbers . 
The dominants  some times include the dipterocarps Anisoptera and Hopea . 
The Co lline fore s t  i s  some t imes described (Lane-Poole 1 9 2 5 , p . 3 3 ; Brass 
1 94 1 )  as rather thin ( i . e .  lacking many large-girth trees ) , wi thout 
prominent but tre s se s  or caul iflory and with rather few l iane s . I t  i s  
que s t ionable whe ther some ext ens ive s tand s of  i t  should be included i n  
the Lowland Rain fore s t  formation- type according to Table 2 . 1 .  The usual 
a s s ignment is based primarily on the flor i s t i c  content , which has much 
less  in common wi th the Lower Montane forest  than with the non-colline 
Lowland for e s t  and that doe s , of  course , have prominent buttre s se s ,  
large-girth trees , large-s temmed woody climbers etc . Pai jmans ( 1 9 7 0 )  
gives ext ensive data for plot s  a t  600-1 1 2 5  m in north-east ern Papua . 
The s e  all had a clear dominance of  mesophyl l s  s ensu Raunkiaer ( 1 934 ) , a 
rather high propor t ion of trees > 1 0  cm DBH to trees  > 2 0  cm DBH and the 
two higher plo t s  out of four ( 8 2 5-1 1 25m) lacked thick- s t emmed climbers . 
The plo t s  all had plent iful but tre s ses  though rathe r short (mo s tly 0 . 6 m 
high ) . Pai jmans did no t a s s ign the stands to fores t-forma t ions but tho s e  
at 6 00-700 m a r e  cer tainly Colline Lowland Rain fores t  while  tho s e  at 
825-1 1 2 5  m perhaps represent an ecotone be tween Lowland and Lower Montane 
fo rmat ions . The flor i s t i c s  are con s i s tent wi th thi s interpretation . 
Lowland Rain fore s t , wi th very abundant Pometia  p inna ta 
J .  & G .  For s t . ,  i s  found on valley s i te s  well up into the mountains , 
o f t en as high as  1 200 m ( Robbins & Pullen 1 9 6 5 ) with s ome s it e s  up to 
1 500 m ( van Royen 1964a) . The ecotone be twe en Lowland and Lower Montane 
fores t  has never been expl i c i tly s tud ied in New Guinea , or indeed in mo s t  
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parts o f  the Tropics ( but see  Lebrun ' s work o n  M t  Ruwenzori r eported by 
Richards 1952 , pp . 3 58-36 1 ) . This topic would certainly r epay cri tical 
attention and a comp rehens ive s tudy might throw s ome more l ight on the 
ecology of the Araucaria s pp .  whi ch are found , by and large , in the same 
alt itudinal range a s  Castanop s i s  and Lithocarpus ( cf . Gray 1973 , 1975 ) .  
( c )  Minor communi ties 
(i)  River gravels 
Scat tered ·along the River Fatima were s tony terraces with very 
little f ine earth . Mos t  fores t  species appeared to be  quite  unabl e  t o  
colonize them . An open scrub 1-2 m t all with a good deal of bar e  s tony 
ground was found on such a t errace on the wes t  bank o f  the R .  Fatima 
ad jacent to our forest  s tudy area . Unfor tunately the community wa s 
destroyed before we could sample the soils for analy si s ;  but sand from 
river t erraces on Mt Suckling was found t o  be extremely nut rient poor 
( P . F . S . ) . Several of the plants were mildly chloro t ic ;  this was 
especial ly noticed in Dimorphanthera . The mos t  abundant species belonged 
to the Ericaceae . The woody species s een are listed below in groups , 
according to their o ther known habitats in the area; the frequencies are 
ind i cated on the sc ale used in Table 2 . 1 . 
( a) Not s een in o ther habi tats : 
Rhododendron inconspicuum J . J . Sm .  
Vaccinium molle J . J . Sm .  var . 
( LAE 5 1068 ) o 
( 2322 ) 0 
mollissimum 
( b )  Also s een as epiphytes in the tal l fores t : 
Dimorphanthera amoena o 
D .  f i s s i flora vr 
Rhododendron herzogii f 
R .  phaeo chi tum f 
( S leum . )  S leum . 
90 
( c )  More frequent in Subalpine Zone ( SA) or Upper Montane Zone (UM) 
on rocky s ites : 
( SA + UM) Gaultheria mundula o 
( SA + UM) Styphelia suaveolens f 
(UM) Vaccinium amblyandrum o 
( d )  Also in the margins of LMRF and UMRF and frequent in SARF : 
Coprosma papuensis 
C . di scolori s  
( e )  Rare i n  margin o f  LMRF : 
Rhododendron macgregoriae f 
( f )  Frequent in margin o f  LMRF and i n  recent secondary fores t : 
Dodonaea viscosa f 
Saurauia scaberrima o 
( g )  Frequent in valley grassland : 
Hypericum bifurcatum Robson o 
Of these  woody species , one has a creeping habit  (Vaccinium 
amblyandrum) . Lycopodium pullei was also very prominent sc rambl ing over 
the ground . The orchid Mediocalcar sp . 2 3  { also e piphytic)  was 
occas ional and the scrambler Muehl enbeckia mont icola rare . 
On the slopes from the terrace to the river ( only a f ew metres high ) 
we found Equise tum debi le Roxb . ( LAE 5 1 0 7 5 ) ,  Coriaria papuana Warb . 
( the plant has roo t-nodule s  and fixes nitrogen) , and Gunne ra macrophylla 
Bl . ( associated wi th the nitrogen- fixing blue-green alga No stoc ) . 
Local ly the cane-gras s , Mi scanthus floridulus ( Labill . )  Warb . ,  was very 
commo n .  O n  rocks by the river we found Trachymene adenodes Buw . ( LAE 
5 10 7 6 ) and beside a tributary s tream we no ted Cynog los sum _helwigii Brand . 
(LAE 5 10 7 3 ) and Sagina papuana Warb . ( not colle cted ) . On the we ttest 
s eepage slopes uphill from the terrace the orchid Spathoglo ttis sp . 32  
was characteri s tic . 
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Gravel terrace s  are found s cattered through the Lowe r  Montane Zone 
of the Highlands and gene rally carry a flora s imilar to that described 
above (P . F . S . ) ;  Cyclosorus ( Thelypteridaceae) ,  Wiks troemia indica (L . )  
C .A .  Meyer and Fagraea may be abundant in such hab i tats and erect 
s pecies o f  Dendrobium are frequent ( s ee ,  e . g . , S t evens & Veldkamp 1 980) . 
Such s i te s  seem to merge with more ' peaty ' sites  in the Wes te rn Highlands 
of  Papua-New Guinea ( P . F . S . )  and in w .  Ir ian (G . S .  Hope , per s . comm . ) .  
There the vegetation i s  les s  open and , in its  tur n ,  grades into the 
low-statur e  Up per Montane Rain fores t dominated by Er icaceae and 
Myrtaceae , widespr ead on ridge-tops and plateaux at  1 200-1 800 m in Malaya 
and Borneo and also found in New Guinea ( see Chapter 3 ) . 
{ ii }  Valley gras slands 
Extensive low-lying areas wer e  dominated by grass and wer e  almos t  
treele ss ( cf .  Cover photograph and Plate 1 ) , but no detailed record was 
made of the flora . As noted in Introduction , the appearance was ' dull ' , 
i . e .  lacking in br ight-coloured herbs . The dominant tussock-gras ses  
were  0 . 5- 1 . 0  m tall . The d i cotyledons present , apart from the shrubby 
Hyper icum bifur catum , 
subtrifidum Re inw .  ex Bl . 
marginata ( Thunb . )  DC . 
were  almos t  all low-growing herbs : Gali um 
( LAE  5 1 07 8 ) , V iola arcuata Bl . ,  Wahlenberg ia 
( neither collec ted ) and spe ci e s  o f  Cerastium , 
Epilobi um ,  Hedyot i s  and Po tentilla . Styphelia suaveolens was pre sent , 
but the general pauc ity o f  shrubs and vir tual absence of  tree ferns i s  
s trongly sugge stive of  repeated burning . On the gras sy slope perched 
above the gravel terrace desc r ibed in the last section , we found s everal 
Cyperaceae - Carex capillacea Boott . ( LAE  5 1084 )  C . phacota Spreng . ( LAE 
5 1082 ) , c .  alopecuroides D . Don (LAE 5 1 08 1 ) ,  Cyperus brevifolius ( Ro ttb . )  
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Has sk .  (LAE 51083 ) , Fimbristylis  sp . (LAE 5 1086 ) and Rhynchospora 
rugosa (Vahl . )  Gale (LAE 5 1087 ) ,  also the swamp-grass Isachne myosoti s 
Nee s , and the f ern Bo trychium ? lanuginosum Wall . (LAE 5 1085 ) . 
There i s  no doubt that areas such as that just mentioned suffer  from 
waterlogging . It  was clearly evident after rain and the contrast wi th 
the soils insid e the fore s t  was marked . When drainage channels wer e  dug 
through the area , a s  a part o f  road-building operations , b lue-grey 
( presumably anaerobic) clay was exposed and showed some t endency to 
oxidise in d ry s pells . I t  seems likely that the primary dist inguishing 
factor of mos t  valley s ites now covered by gras sland i s  bad drainage and 
they probably once suppo rted an open fores t  of f ire- to lerant trees . Van 
S teeni s ( 1 9 68 ) has repor ted s tands of this type in parts  of  Sumatra 
little affected by man . Such s tands are more eas ily penetrated by 
hunting parties than the closed fore s t  and are eas ily set alight in dry 
s pells . There i s  littl e  doubt that the sites now occupied by grasslands 
in the Fatima basin have been repeatedly burnt and tha t  this i s  a major 
cause of the dominance of gras ses and absence o f  trees and shrubs . 
Seedlings of some tree species do o ccur in the gras slands near the 
margins , e . g .  Dacrycarpus cinctus , but it may be that rather few species 
are tolerant of the soil characteri st ics and even their seedlings are 
repeatedly destroyed by f ire . The gras slands in the Up per Montane Zone 
on Mt Kerigomna , and e ls ewhere in New Guinea , are s till sub ject to 
burning in dry s pe lls . The dominant grasses  may well have al tered the 
mineral supply now to such a degree that invasion by many woody species 
i s  reduced by this fac tor alone , e .g .  the grasses may be inhibiting 
ni tri fication ( cf .  de Rham 1 9 70 ) . 
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In ext ended dry p e r iods wi th clear night skies , suc h  as occurred in 
1 9 7 2 , there may be repeated fros t s  and suc h areas b ecome fros t-hollows . 
The long- term ef fects  of  suc h fros ts are unknown , although some 
herbaceous fo res t species in the gras sland or at the margi n  can be  killed 
by fros ts  ( S tevens & V e ldkamp 1 98 0 )  and , under certain ci rcums tances , 
woody plant s suf fer at  leas t the death o f  their current g rowth ( Brown & 
Powell 1 9 7 4 ; J . S .  Womer sley , pers . c omm . ) . A valuable di scus sion o f  
the parallel problem o f  the orig in o f  valley g rass lands in the mountains 
of Ea s t  Afr ica is  g iven by Ve sey-Fit zgerald ( 1 97 0 ) . 
( i i i )  Fo re s t  Margin 
Only ten t rees  and shrub s , and five climbers and scramblers are 
l i s ted in the s tr i c tly marginal category in Table 2 . 7 ( las t pag e ) ; mos t  
species  typical of  for e s t  margins are also found i n  na tural c l ear ings in 
the fores t i t s e lf . Of the s t r i c t ly marg inal species  four are fairly 
wide spr ead in t he general ma trix of  Upper Montane fore s t  ( cf .  Chapter 
3 ) : Dimorphanthera dent icul ifera , Hi s tiop teri s inci s a , Maesa aff . 
verrucosa and cf . S t eganthera ilicifoli a .  Two o ther s  are chiefly 
marginal ( Coprosma d i sc o lori s )  or  always marginal ( Cya thea atrox) in the 
Uppe r Montane as wel l  as in the Lower Mont ane Zone . Three fur ther 
species were at lea s t  as common on the gravel terrace as  on the fore s t  
Margin : Dodonaea viscosa , Rhododend ron macgregor iae ( decidedly more 
common on gravel ) and Saurauia scaberrima . Only the Hal fordia , Hel icia , 
Muehlenbeckia , Olearia , and S caevola seemed to  have the Lower Montane 
for e s t  margin as vir tually the ir only na tural hab i tat in the s tudy area . 
Hel i c ia mic rophyl la was s een in UMRF on Mt O t t o  at 3050-3 150  m and thus 
it  may also occur in  UMRF on Mt Ke r igomna . 
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We made no crit ical obs erva tions on the dynamics o f  the marginal 
f lora , but one of us ( P . F . S . ) has examined a var iety of fores t-gra s s land 
int erface s in the Lower  and Upper Montane Zones on several d i f ferent 
mount ains in New Guinea . The fores t i s  o f t en apparently invading the 
grassl and , pr eceded by a broad margin of erect shrub s and trees 
( e special ly Rapanea and Vaccinium , and , a t  lower al t i tud es ,  Saurauia) , 
t oge ther wi th s pr awling , f requently layering shrubs l ike Coprosma and 
Rubus . Such margins hav e  b een s e en in t he upper par t of  the Lower 
Montane Zone on , e . g . , Mt Giluwe , Mt Kerigomna , Mt S trong and Mt Wi lhelm . 
Many of the species in the margin are rare in the s igned matrix of  the 
fore s t  behind , but are commoner in the matrix o f  the fore s t  at  higher 
alt i tude s ,  perhaps because c ondi tions in these  highe r-alti tude , mor e open 
fore s t s  are approximat ed in the margins at  lower alti tud es . At higher 
al t itudes it becomes increas ing ly d i f f i cul t to recogni s e  a d i s t inct 
marginal f lora ; in the leas t d i s turbed areas at c .  3 70 0  m o r  more , 
e . g .  the Bundi Valley on Mt Wi lhelm ,  the re is  a broad f o r e s t-grassland 
eco tone composed of the woody plant s o f  the fore s t  i t self ( c f . Smi th 
1 9 7 5 ) .  The fore s t  margin d e sc ribed by Gi l l ison ( 1 9 69 , 1 9 70 )  f rom the 
Doma Peaks is somewhat d i f ferent ; here the forest  invades the rather 
damp gr assland ( with Sphagnum hummo cks ) by layering rather than s e edling 
e s tabli shment , the marginal communi ty be ing of plant s o the r than 
fore s t-dwel ling species . A very abrupt forest margin i s  found where 
Dacrycarpus i nvades d irectly int o  boggy gras sland , mo s tly by s e edl ing 
e s tabli shment , but some t ime s wi th layer ing . There is no marg inal band of 
shrubs , so  that it is  po s sible to walk wi thout d i f f i cul ty from the 
gras sl and int o the forest . Such a fo rest / gras sland boundary has been 
ob served on Mt Suckling at  2065m and 2485m ( S t evens · & V e ldkamp 1 9 8 0 ) , and 
a s imilar boundary i s  found a t  somewha t higher alt i tud e s on Mt Piora 
(E . E . Henty , Pers . Conun . ) .  
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Some of the di fference s in the margins may be due t o  varia tion in 
the we tness of the gr ound ad jacent to the fores t s , o ther s  by the al titud e  
of  the trans i t ion and hence the spe cies availabl e f o r  colonisat ion , and 
o thers by the f r equency and sever i ty o f  f ires ( c f . the rema rkable 
li chen-rich margins on Mt S t rong ment ioned in Chapter 1 1 1 , d ) . The 
apparent conf ict between Gilli son ' s  d i s tinct marginal communi t y  no t found 
in the fo r e s t  and tho se c ommuni ties  ment ioned above , where the species 
are found in the fore s t  at  higher al t i tudes , may in part  be due to a 
d i f ference in alti tud inal per s pective , but the whol e  problem o f  invas ion 
of grassland by f o r e s t  has received only the mos t  cur sory a t t ention and 
needs more de tailed s t udy . 
( d )  Secondary fore s t  
A large area i n  the Fatima b as in had been conver ted t o  se condary 
fo rest  by 1 9 7 0 . Al though the po licy wa s no t to c l ear- f ell , in order to 
cons truct t imber-extract ion roads it was nec e s s ary to cu t a very large 
number of smal l t rees  to use as a bas i s  on whi ch rocks and ear th could b e  
compact ed . Thus only a thin cover of  moderat e- s i ze d  tree s survived from 
the orig inal fores t - t rees too small to  be wo rth milling and t oo large 
to cut for road-making . Near the roads , the felling was o f ten nearly 
comple te .  We d id not study the suc ce s s ion on cut-over areas but did not e  
that the f ir s t  invade r  was the herb Crasso cephalum crepid ioid e s  ( Benth . )  
s .  Moore ( Compo s i tae ) . There was no s ign o f  any species growing up 
qui ckly and abundantly from dormant seed . 
The compo s i t ion of the secondary forest  3-6 m tall vari ed 
appr eciably . The frequency ra tings g iven below are general ized values 
and the li s t  i s  very incomplete . 
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Very frequent to abundant : 
Cyathea spp . ( incl . Cyathea atrox) 
Alphi tonia ferrug inea 
Dodonaea viscosa 
Homalanthus nervosus 
Maesa bi smarckiana 
Saurauia scaberr ima 
Occas ional , locally frequent : 
Rare : 
Pteri s s p .  372  
Nas tus productus 
Coprosma discoloris  
Decaspermum forbesii 
Embelia sp . 37  ( vine) 
Harmsiopanax ingens 
Caldcluvia cf . celebica ( large seedlings only ) 
Pipturus sp . 251  ( shrub) 
Pipturus sp . no t collected ( tree to 5 m) 
Rubus s pp . ( incl . R .  diclini s , R .  papuanum , R .  t siri , all 
scramblers ) 
Saurauia rufa , cf . conferta and s pp .  37 6 ,  3 7 7 , 379 ( probably o thers ) 
Stephania s p . (vine ) 
Breynia cf . cernua 
Ficus dammaropsis  Diels 
Jasminium domati igerum 
Macaranga s p . ,  not collected ( reddish leaves ) 
Olearia platyphylla 
Phyllanthus flaviflorus 
Scaevola oppositifolia 
Schef flera sp . 259 
Syzygium malaccense 
For most  species the immediate seed source was probably the forest  
margin . However ,  the mos t  abundant species concerned lie in three rather 
di s t inct groups in terms o f  their habitats o ther than the Lower Montane 
forest  margin : 
( i ) gravel terraces ( Dodonaea , Saurauia ) , 
( i i ) large natural clearings in Lower Montane forest ( Alphi tonia ) 
( iii ) cont inuous Upper Montane fore s t  ( Homalanthus , Maesa ) . 
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Homo lanthus was no t recorded by us f rom the Lower Montane forest  margin 
but probably occurred there and cer tainly doe s  in o ther parts  of the 
Highlands , ( P . F . S . ) .  Mo s t  o f  the occas ional species  can be assigned to  
the second and third o f  the se groups , viz . { i i )  Pteri s , Nas tus , 
Decaspeimum , Embelia , Caldcluvia , Saurauia x 3 ,  S te phani a )  and ( i ii ) 
Harms iopanax . The Copro sma bridge s g roups { i )  and { i i i )  whi le P ipturus 
sp . 2 5 1  bridges ( ii )  and { ii i ) . Only the tree P ipturus and two of the 
rare species ( Ficus dammarops i s ,  Macaranga wi th reddi sh l eave s )  wer e  
never seen b y  u s  i n  natural habitats  i n  the Fat ima ba s in . All three o f  
these  were seen along the road from Marafunga t o  Asaro and may have been 
brought up from lower a l t i tud es . A notable absentee i s  Schuurmans ia 
hennings i i ,  which i s  fai rly common between Marafunga and As aro , and 
widespr ead in the Upper Montane fores t on Mt Kerigomna . 
Jus t as  in the primary fore s t , the ma j o r i ty o f  spec i e s  have animal 
( bird) -dispersed d i s s eminule s . Of the commoner species  only the Cya thea 
{ s pore s ) , Dodonaea ( winged f rui t s ) and Caldc luvia ( very small s eeds ) are 
wind- dispersed . 
The s econdary f o re s t  of the Fat ima bas in di ffers from much of tha t 
in the Highlands by 
{ oak- inhabited )  part  
the  abs ence of genera charac t e r i s t i c  of  the lower 
of  the Lower Montane Zone : Cas tanops i s  and 
Lithocarpus , Gardenia , Myr i s tica , Trimenia etc . ( c f .  Robbins 1 9 7 0 , 
p . 1 1 2 ) . Their  place a s  indi cators i s  taken by the plant s of  primarily 
Upper Montane aff ini ty : Homalanthus nervo sus , Maesa aff . verrucos a , 
Coprosma d i scolo r i s  and Harms iopanax ingens . 
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Any comple te  review of the Montane fore s t s  of Papua-New Guinea would 
have to devote a great d eal of s pace to s econdary s tand s and to their 
inter- relationships wi th the secondary gras slands and garden areas . 
Thes e  topics have been dealt wi th very briefly in mo s t  o f  the relevant 
papers ( Womer sley & McAdam 1 9 5 7 , Rappard & van Royen 1 9 5 9 , Robbins 1 9 7 0 , 
Powell 1 9 7 0a , Walker 1 9 7 3 , Hope 1 9 7 6 a ) , but two sub s tantial t reatments 
have been produced ( Walker 1 9 6 6 , Powell 1 9 7 0b ) . More work i s  urgently 
needed on the dynamic s  o f  the montane rain fores ts , par ticularly on the 
plant-so i l  microbe relat ions which are so important to man . 
TABLE 2 . 7  THE FREQUENCIES AND ECOLOGICAL CHARACTERISTICS OF THE VASCULAR SPECIES IN THE LOWER MONTANE RAIN FOREST OF THE FATIMA 
BAS I N ,  LI STED UNDER FAMILIES WITHIN LIFE-FORMS 
Column 
�-2-.- Leaf size-classes ( sensu Webb , 1 9 59 ) :  Mg=Megaphyl l ;  Ma•Macrophyll ; Me•Mesophyl l ;  No•No tophyl l ;  Mi=Microphyll ; 
Na=Nanophyll ; Le=Lept ophyll .  
3 .  Leaf t ip- type :  + = with drip- t i p ;  (+ ) = with acumina te t i p ;  ( - ) = almo s t  non-acuminate . 
4 .  Leaf margin- type : C = crenulate ; D z dentat e ,  denticulate or serrate ; 
T = serrul a t e ;  W = wavy ( but smoo th ) ; (W) = very sl ightly wavy . 
(D ) • only jus t denticulate ;  E ent ir e ;  
6 .  Pol l ination syndrome : 1 , 2 , 3 , 4  = Probably insect-pollinated ( 1  = Flowers tubular , mo stly fairly conspicuous white to 
purple , green , cream ,  orange o r  red ; 2 • Conspicuous non-t ubular f lowers , mo s tly whi te to purple or green or red , with 
relatively large petals and s tamens ; 3 = Inconspicuous non-tubular flower s ;  4 • Flowers long-tubular , whit e ,  scented , 
probably mo·th-pollinated ; 5 = Probably bird-pol linated · ( t ubular , r ed , scentles s ,  large part s ) ; 6 = Probably 
wind-pollinated ( very various ) ;  7 = No pollinat ion ( P teridophyta ) .  
7 .  Disseminule-t ype :  A = Achene or achene- like ; B = Berry or berry- l ike ; C • Capsule with fleshy seeds ( includ ing 
carunculate and arillate seeds , e tc . ) ;  D =· Drupe or drupe-l ike ; E = Explos ive ; F • Fig ; H = Wi th hooks or hairs ; 
I = Dry capsule , usually dehiscent , never explosive ; 0 11111 Spores ; P = with Pappus ; S • Very small ( o ften winged ) ;  
W = Winged ( small o r  medium- s i zed ) .  
9 . · Frequency : f • fre quent ; o = occas ional ; r • rar e ;  v • very ; l • loc ally more frequent ; p • only one , two or three 
plant s  seen . 
10 . Localization;  0 = no t localized ; zone s  1-4 explained in text . 
1 1 .  Shade-tolerance of  young plants : D • light-demanding ; T • shade- tolerant ; ( ) • ' preference ' no t so s trongly marked ; 
- • no seedlings or sapl ings recognized ; ? • saplings and poles seen but ' preference ' not clear . 
1 2 .  
& 
13 . 
14 . 
15 . -( a )  
( b-c )  
( d )  
( e )  
Reproductive behav iour : (Nov . -Dec . 1970  and April-June 197 1 ) :  B • bud s ;  L = f lowers ( o r  young cones ) ;  F • young f ru i t ;  
R • ripe f ruit ( or r ipe cones ) ;  L - F o r L - R = shi f t  seen dur ing April-June ; 0 • seen repeatedly but never reproducing ; 
( ) • few in this s tage ; ? = plants  not uncommon but records incomplet e .  
Leaf-f lushing ; f = noted f lushing in Nov . -Dec . ;  F not ed f lushing in ·Apr·u-June . 
Ecological no tes : no tes on life-form or restricted microhabi tat , arranged in the table accord ing t o  growth forms . 
Trees , mature height at least 30 m ( 1 ) , 2 5  m ( 2 ) , 20 m ( 3 ) , 1 5  m ( 4 ) , 10 m ( 5 ) , over 3 m but rarely , if ever , over 
TOiil( 6 ) . 
General (mo s t ly herbs ) :  7 • may o ccur as an e piphyte;  8 • conf ined or almo s t  conf ined to small ,  deep-cut ravines ; 
9 = conf ined to very wet s i t e s , may be well or poorly draine d ;  10 • confined to we t ,  well-drained sites ; 1 1  • conf ined 
t o  one na tural clearing on a s teep slope . 
Climbers and scramblers : 12 = climbing only on bole s ;  13 = climbing into crowns of tall tree s ;  1 4  = small climber o f  
clear ings-;-1 5 = scrambler .  
Epiphytes : 16 = on outermost  branches only ;  17 • on major branches and upper boles ;  18 • on upper bole s ;  19 = on lower 
boles . 
\0 
\0 
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2 3 
262 Le -
7 1 , 3 8 5  Le -
397  Le -
396 Le -
1 3 3  Le -
248 Le -
2 1 7 4  Le -
109 , 14 1  Mi -
269 
s . n .  Ma -
1 1 , 7 9 ,  No + 
193  
2043 , Mi ( - ) 
2283 
1 2 , 86 ,  No --
392 
s . n .  Ma -
4 1 , 90 No + 
59 No -
4 l 
E + 7 
T + 7 
T + 7 
D + 7 
E -
E -
E -
E -
D -
E -
E -
E -
D -
E -
T -
6 7 ! 
( a ) .:!'.!!!! 
FILICOPS IDA 
0 CYATHE . Cyathea microphylloides Ro sens t .  
0 Cyathea pycnoneura Hol t t . 
0 Cyathea foesteri Rosenst .  
0 DICKSONI . Dicksonia sc iurus c .  Chr . 
GYMNOSPERMAE 
6 w CUPRESS . Papuacedrus papuanus 
( F .  v .M . ) Li 
6 D PODOCARP . Dacrycarpus cinctus (Pilg . )  
de Laub . 
6 D D .  ? imbricatus ( Bl . )  de Laub . 
var . robustus de Laub . 
6 D Podocarpus archboldii N .E .  Gray 
MONOCOTYLEDONEAE 
3 D PANDAN . Pandanus ? bro s imos Merr .  & 
Perry or j iulane t t i  Mar t . 
DICOTYLEDONEAE 
1 D ALANGI . Alangium cf . villosum ( Bl . ) 
Wang 
1 p APOCYN . Al stonia glabrif lora 
Mkgf 
3 D AQUIFOLI . Ilex versteeghii Merr . & 
Perry 
3 D ARALI . Harmsiopanax s p .  
3 B CELASTR . Perrot tetia alpes tris ( Bl . ) 
Loes . ssp . moluccana ( Bl . ) 
Ding Hou 
3 D CHLORANTH . Ascarina philippinensis 
c . B .  Rob 
-
0 
� 10 1 1  1 2  1 3  1 4  1 5  0 
r 0 ( D ) - - - 6 
f 0 ( D) - - - 4 
r 0 ( D )  - - - 6 
r 0 - - - - 6 
rl 2 (T ) L 
f 0 ( T ) 0 L 
r 2 - - - - ? l  
f 0 (T ) L+F L F 
f 0 ( T ) R 0 - 3 
0 0 T L+R R f 4 
(+L ) 
0 0 ? B 0 f 2 
r 0 - R B - 2 
p 0 D - - - 6 
o l  0 T R L+R - 3 
ol  ( 1 ) ( T )  L+R 0 - 3 
TABLE 2 . 7 contd . 
2 3 4 5 6 8 9 10  11  12  1 3  1 4  1 5  
4 0  Me (+)  E - 3 D CORYNOC . Corynocarpus c ribbianus r 0 ( T ) R L - 4 
( F .M .  Bail . ) L . S .  Smi th 
2 3 4  Mi  ( + )  D + 2 I CUNONI . Caldc luvia c f . celebica ( Bl . ) p l D - L - 2 
+No Hoogl . 
2 3 7  Mi ( +) D + 2 I C .  nymanni i  ( K .  Schum . ) Hoogl . f 0 ( D ) R L - l 
51 No ( +) D + 2 I C .  rufa ( Schltr ) Hoog l . 0 0 D R R f 2 
2 0 1 7  Me - D - 2 D Schi zomeria s p . l  r 0 ? 0 0 - 4 
1 9 7  Me - D - 2 D Schi zomeria  s p .  r 0 - - R - 4 
203 Mi - c - 2 D Schizome ria s p . p 2 - - R - 4 
247 , Na - T + 2 I Weinmannia trichophora Perry r 0 D - L F 5 
39 1 F 
2 1 7 6  Mi - w - 2 D ELAEOC . Elaeocarpus cephalodac tylus p 2 - - - - 3 
Schltr 
130  Mi + c - 2 D E .  culminicolus War b .  var . r ( 2 ) - R R f 3 
vis cosus ( War b . ) Weibel 
2 4 6  Mi - c - 2 D E .  meigei We ibel r 2 - - L F 3 
2 2 1 3  No - w - 2 D E .  millarii Weibel p l - - - F 
38 6 Mi - c - 2 D E .  polydactylus Schltr p 4 - - L F 3 
43 , 2 3 1  Mi ( + ) T - 2 D E .  p t i lanthus Schltr o- f 0 - R R+L F 
1 0 1 , 3 8 1  Mi + T - 2 D E .  s ayeri  F .  v . M .  var . 0 2 - L+R L F 3 
a l t igenus ( Schl t r ) Weibel R 
1 3 7  No - w - 2 D E .  t r i chophyllus A . C .  Smith  o-f 0 - R B+R F 3 
2028 No - T - 2 ? D  E • .  s p .  aff . E .  tri chophyllus 0 0 - - - f 3 
36 , 10 2  Mi + D - 3 D Sericolea micans Schltr ol 0 ( D ) L+F - - 3 
81 No ( - ) w - l c S loanea aberrans 0 2 ( D ) L+R R - 3 
( Brandis ) A . c .  Smith  
121  No  - ( D ) - l c Sloanea pul leniana 0 ( D ) L+ L+ f 2 
Coo de ( R ) ( R ) 
8 5 , 2 5 6  Mi ( +) D - l D E SCALLONI . Polyosma s cyphocalyx ol 0 T L+R 0 f 6 
"'No Schulze-Menz 
235 , 39 0  Mi - E - 2 s Quintinia c f . ledermanii  Schl t r  p 3 , 4  - - L F 2 
F 
...... 
0 
...... 
TABLE 2 . 7 contd . 
2 3 
60 , 1 1 0 ,  No ( +) 
244 
2318  Me -
52 No (+) 
265  No + 
2070 No ( +) 
83 , 98 No + 
229 No (+) 
87 No (+) 
7 6  Me + 
2220  Me -
2021  No ( - ) 
70 No (+ )  
1 3 1  M i  (+) 
232  Mi + 
230 Mi (+ ) 
65 Me -
139  No -
2001 Mi + 
2008 Me ( - ) 
2067 Me (+ ) 
2095 No -
2 1 7 1  No + 
2224  No -
1 2 7 , 143 No -
201 Me+ (+) 
No 
4 5 
( D) -
E -
E -
E -
D -
E -
E + 
E -
E -
E -
(W)  -
E -
E -
E -
E -
E -
E -
E -
E -
E -
E -
E -
E -
E + 
E + 
6 8 
3 c EUPHORBI . Claoxylon coriaceolanatum 
Airy Shaw 
3 ? C  Endospermum domatiphorum 
Schaeff . 
3 c Macaranga albescens Perry 
3 c M .  induta Perry s s p .  
3 c Macaranga s p .  
3 c FLACOURTI . Casearia cf . pachyphylla 
Gilg . 
2 w FLINDERS ! .  Flindersia pimenteliana 
F .  v . M .  
2 B HIMANTAN . Galbulimima belgraveana 
( F .  v .M . ) Sprague 
2 B LAUR . Ac tinodaphne sp . 
2 B Actinodaphne s p .  
3 B Cinnamomum s p .  
3 B Cryp tocarya s p .  
3 B Cryptocarya s p .  
3 B Cryptocarya s p .  
2 B Litsea exsud ens Kos t e rm .  ined . 
2 B Lit sea s p .  
2 B Li tsea sp . 
2 B Lit sea s p .  
2 B Li tsea s p .  
2 B Litsea s p .  
2 B Lit sea sp . 
2 B Litsea s p .  
2 B Litsea sp . 
3 B MELI . Aglaia vers teeghii 
Merr . & Perry 
3 c Dysoxylum s p .  
-
9 10  11  1 2  1 3  1 4  1 5  s 
r 0 ? B R - 2 
p 3 - - L F 4 
o- f ( 1 ) D L L f l 
p 3 - - L+R F 3 
pauc inervis Airy Shaw 
r 0 D 0 0 
0 0 ? BLR ? - 4 
o l  2 , 3  - - LFR 
r-o 0 - L+R L+R f 
0 0 T B+R 0 f 3 
p 3 T - - - ? 
0 0 T 0 0 - 6 
ol l T R - - 2 
r 2 T L - f 3 
r 0 T - B F 3 
r 0 - - B F 5 
0 l T L - - l 
r 0 - L L+R F 2 
0 0 T - - f 2 
0 l T - - - 2 
p 2 - - - - 2 
0 0 T - - - 2 
p 2 - - - - ? 
r 3 T - - - ? 
0 0 ? R B+R F 3 
r 0 - B R - 5 
TABLE 2 . 7  contd . 
2 
54 , 205 No 
1 07 , 2 4 3  Mi 
1 2 8 , 2 4 1  Mi 
2 4 2  
2189  Mi 
264  Mi 
1 3  Me 
2 1 1  · No 
2 1 7 5  Me 
2058A Mi 
s . n .  No 
31 Mi 
48 No 
69 Mi 
263  Mi 
63 Na 
1 1 3  Me 
1 1 5  Mi 
129  Mi 
2 7 1  Mi 
363 Mi 
2 0 1 3  No 
2 2 1 8  No 
s . n .  No 
387  Mi 
2026 No 
80 , 2 36  No 
3 
(+ )  
+ 
( +)  
(+) 
-
(+) ( - ) 
(+ )  
+ 
(+) 
+ 
(+ ) 
-
+ 
-
( - ) 
-
-
( - ) 
+ 
(+)  
( +) 
-
(+)  
( + ) 
(+ )  
4 5 6 
E - 3 
E - 3 
E - 3 
E - 3 
T - 2 
T - 3 
E - 3 
E - 3 
E - 3 
E - 3 
E - 3 
E - 2 
E - 3 
E - 3 
E - 2 
E - 2 
E - 2 
E - 2 
E - 2 
E - 2 
E - 2 
E - 2 
D - 2 
E - 2 
E - 2 
( W ) - 2 
8 
D MONIMI . Levieria beccariana 
Perkins 
D ?Ant hobembix/Kibara s p .  
D Steganthera chimbuense 
Phil ipson 
D ?Anthobembix/Kibara s p .  
D Dryadodaphne crassa 
Schodde 
F MOR . Ficus iodotricha Diels 
F F .  i toana Diels 
F F .  saccata Corner 
F Ficus s p .  
F Ficus sp . ( l o s t )  
D St reblus urophyllus Diels 
D MYRSIN . Ardisia s p .  
D Rapanea cf . vac cinioides 
Kan . & Ha t .  
D Rapanea sp . 
B MYRT . De caspermum forbesii  
Bak . 
B Syzygium ma laccense ( L . )  
Merr . & Perry 
B s .  sylvi cola .Hartley & Perry 
B S .  benjaminum Diels 
B S .  ?homichlophilum Diels 
B S .  subalatum ( Ridl . ) 
Me rr . & Perry 
B Syzygium s p .  
B Syzygium sp . 
w OCHN . Sc huurmansia henningsii 
K .  Schum . 
c PITTOSP . P i t tospo rum ferrug ineum 
Ai t .  
c P .  pul li folium Burk . 
c P .  ramiflorum ( Zol l .  & 
Mor . )  Zol l . ex Miq . 
9 1 0  1 1  1 2  1 3  1 4  1 5  
r-o 0 ? R LFR - 4 
r-o 0 T L+F B+F F 4 
0 0 T L+R B+R F 4 
p 2 - - F 
r 2 , 3  - - L - 2 
0 0 - R - - 5 
r 0 - - R - 6 
r 1 D - - - 5 ?  
p 1 - - - - 3 
p 3 - - - - 3 
r 0 ( D )  L ,  ?R  L ,  ?R - 6 
ol  0 T L L+R - 2 
0 0 D L 0 - 6 
p 2 , 3  - - R - 6 
r 0 D L R - 4 
r 0 (D )  F - - 6 
r 0 - R B f 2 
ol  0 ( T )  L L fF 2 
r 2 , 3 - - B F 2 
. r-o 0 ( T )  - L f 5 
0 0 ( T )  - - F 3 
r 2 - - - - ? 
p 2 D - - - 5 
p 3 - - R - 2 
r-o 1 - R+L R f 2 , 7  
0 ( 1 )  - R+L R+L - 2 , 7  
-
8 
TABLE 2 . 7  contd . -
� 
2 3 4 5 6 8 9 1 0  1 1  1 2  1 3  1 4  1 5  
2 54 No ( +) D - 1 B PROTE . Helicia saruweged ica Sleum .  0 2 , 3 ? - B+L - 5 
384 Mi - E - 2 B RHAMN . Al phitonia ferruginea p 3 D L R fF 5 
Merr . & Perry 
92 , 36 5  Me ( - ) E - 2 D ROS . Prunus grisea ( C .  Muell . ) r-o 0 T B+R R - 3 
Kalkm . var grisea 
75  Mi  (+ ) E - 2 D P .  oligantha Kalkm . p 2 - L+R L - 5 
91 No ( - ) E - 2 D P .  pul lei (Ko ehne ) ol 0 T R R f 4 
Ka lkm . L 
3 5 , 14 5  Mi + E - 1 D RUBI . Psycho tria sp . f 0 T R L - 6 
57 No (+)  E - 1 D P s ychotria s p .  ol 0 T L+R 0 - 6 
1 1 6  No (+ ) E - 1 D Timonius belens is  Merr . 0 1 ( T ) L+R 0 F 6 , 7  
& Perry 
89 , 267  Mi (+ ) E + 2 D RUT . Acronychia ledermanii Laut . r-o 0 D L+R L+R - 4 
34 No {+) E - 2 D Acronychia montana Hartley r 2 ( T ) L+R R - 6 ?  
239 No (+ ) E - 3 ?D  ?Ac r onychia s p .  r-o 0 ( T ) - L+F - 5 
73  Me (+) E + 2 I Euodia  cf . crispula Herr . r-o 0 D L 0 f 6 
& Perry 
56 No+ + E + 2 I Euod iella hooglandii 0 0 ( T ) L R+B - 3 
Mi v . d .  Linden 
1 9 6 , 204 Mi (+ ) E - 2 I Euod i ella s p .  0 0 ( T ) - B F 3 
1 1 1 , 393  Me - E - 3 I Melicope cf . monophylla o-f 0 ? L R - 3 
Mer r .  
1 1 2  No+ ( +) E + 2 I Zanthoxylum c onsper sipunctatum rl  ( 1 ) ? L+R R 
Mi Merr . & Pe rry 
249 No+ - D + 2 D SABI . Me liosma s p .  r 0 D - B - 6 
Mi 
97 Mi ( - ) E + 2 ? C  SAP IND . ?Elattos tachys s p .  p 1 - L - - 2 
2014 Mi - E + 2 ? C  ?Mi schocarpus o-f 0 ( T ) 0 0 - 5 
50 No ( - ) E - 3 B SAPOT . Planchonella f irma o-f 0 ( T) L 0 F 1 
(Miq . ) Dubard 
42  Me ( - ) T - 2 B SAURAUI . Saurauia rufa Burk . ol  0 D L L f 3 
74 Ma - T - 2 B S .  c f .  conferta Warb . 0 0 D L L f 6 
TABLE 2 . 7  contd . 
2 3 4 5 6 7 ·8 9 10  1 1  12  1 3  1 4  1 5  
2 3 4  No+ + T + 2 B STAPHYLE . Turpinia cf . pentandra ( Schltr)  r-o 0 ( T )  0 L f 5 
Mi Linden 
199 Mi (+ )  ( D ) - 2 D SYMPLOC . Symplocos cochinchinense  ol 2 , 3 ? - L - 5 
( Lour . )  s .  Moore ssp . 
leptophyl la ( Brand ) Noot . var . 
pedicellata Noot . 
2 1 9 5  No + D - 2 D Symplocos s p .  p 2 - - - F 5 ?  
68 , 106 Mi (+ ) T - 2 B THE . Eurya cf . kanehirae Kob . rl 0 ( T )  L - - 6 
6 4 , 1 38 , Mi ( - ) E - 2 B Ternstroemia aff . car ina ta r 2 , 3  ( D )  L+R R - 5 
388 Kob .  B 
33 , 24 5  No ( - ) D - 2 B TRIMENI . Sphenostemon papuanum ( Laut . )  0 0 T R ,  L - 3 
S teen . & Erdtm.  (L)  
10 , 9 6  Me - E - 2 B WINTER . Bubbia cf . calothyr sa 0 0 T R L - 4 
(Diel s )  A . C .  Smi th R 
61 No - E - 2 B Bubbia s p .  r 0 T R F - 4 
2 3 1 9  No + E - 2 B Drimys pipe r i t a  Hook . f .  r 2 , 3 ( D )  L , R  - - 6 
LAE51 1 2 1  ' entity heteromera ' 
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  
2 1 7  Le - E + 7 0 
2 2 2 1  Me (+ ) E - 1 B 
259  Me + E + 3 D 
2045 Mi - E - 3 I 
253  Mi + E - 3 B 
3 7 5  Mi + E - 3 B 
( b )  Shrubs and dwar f trees ( (3 m) 
FILICOPS IDA 
OSMUND . Leptopteris  alpina 
( Bak . )  c .  Chr . 
MONOCOTYLEDONEAE 
LILI . Cordyline fruticosa 
( L . )  A .  Chev . 
DICOTYLEDONEAE 
ARALI . Sche f flera s p .  
EUPHORBI . Breynia cf . c ernua 
( Decne )  F .  v . M .  
Phyllanthus choristylus 
Die ls 
P. f lavi florus Laut . & 
K. Schum . 
r 2 T - - - 8 
p 3 ( T )  - R 
r-o 0 D 0 LF F 
r 0 D - 0 
0 0 ( T )  0 R 
ol ( 3 )  ? - L 
.... 
0 Vl 
TABLE 2 . 7 contd . -
� 
2 3 4 5 6 8 9 10  1 1  1 2  1 3  1 4  1 5  
7 7  Mi + D - l B GESNER . Cyrtandra s p .  r-o 0 T L ,  ?R R 
1 4 6  No (+)  D - l B Cyrt andra s p .  r 0 T - R 
1 08 , 1 9 8  No + E - 3 D ICACIN . Rhyt icaryum e legans 0 0 t L(R)  R(L)  
Schellenb . 
140  No - E - 2 B MELASTOM . Medinilla s p .  0 0 ( T )  0 L+R 
1 4 7  No (+ )  E - 3 D MONIMI . Kibara cf . inamoena r 0 T - L+R F 
Perk .  
2 1 8 8  Me (+ )  E - 3 D Kibara s p .  aff . inamoena p 2 T - R 
2285  Na + E - 2 B MYRT . ?Xanthomyrtus s p .  rl  0 ? 0 0 
104 Ma (+) E - 3 B PIPER . Piper sp . ( shrub to 6 m) r-o 0 ? L+R 0 
2041 Me - E - 3 B Piper s p .  0 0 ( T )  0 L+R 
2 5 5  Me ( +) E - 3 B Piper s p .  r-o 0 T - R F 
2084 Le - E - l D RUBI . Amaracarpus c f . idenbergensis  ol 0 T L ,  ?R L+R 
Merr . & Pe rry 
30  Na (+ )  E - l D ?Amaracarpus /P sychotria s p .  ol  0 T L+R L, ?R 
84  No (+ ) E - l D Psycho tria sp . ol  0 T R LF f 
2 07 , 3 7 9  Mi (+ )  D - 2 B SAURAUI . Saurauia sp . r 2 , 3  D - L 
362  Me (+ )  D - 2 B Saurauia s p .  ( s hrub to 5 m )  f 0 D 0 L 
3 7 6  Mi ( +)  D - 2 B Saurauia s p .  0 0 D L L 
3 7 7  Mi (+) D - 2 B Saurauia s p .  p 3 D - L 
394  Mi (+ )  D - 2 B Saurauia s p .  p 3 D - L 
2 5 7  Na (+) T - 2 D SYMPLOC . Symplocos cochinchinens is  r 0 D - L-R F 
( Lour . )  s .  Moore s sp .  
leptophylla ( Brand . )  Noo t .  
var .  parvi folia Noo t .  
4 5 , 1 4 8  Mi ( - ) E - l D THYMELE . Wiks troemia 
androsaemi folia Decne rl 0 T L+R L+R 
39 Mi ( - ) D - 3 A URTIC . ?Cypho lophus sp . 0 0 T L L 
2281  Me + D - 3 A Laportea s p .  r l  2 ( T )  0 L - ( 9 )  
2 5 1  Mi (+ )  D - 3 B Pipturus montanus van Royen p 3 D - L 
26 , 26 1  No (+ )  D - 3 A ?Pouzolzia s p .  o-f 0 T L L 
2 1 7 0  No + D - 3 A ?Pouzolzia s p .  p 2 T - L 
186  No + E - 3 B Procris  sp . r-o 0 T - L 
TABLE 2 . 7 contd .  
366 
2 2 1 5  Le 
228 Mi 
226 Mi 
2205  Mi 
169  Le 
s . n .  Ma 
2 2 1 , 2 24 Le 
270  Mi 
2 20 Le 
3 7 2  Le 
2 2 5  No 
250 Mi 
134 Ma 
2203 Mi 
2204 Mi 
380 Ma 
15 Me 
14  No 
100 Me 
2 5 2  No 
2 3 
-
-
-
+ 
-
( +) 
-
-
-
-
+ 
(+) 
-
-
-
-
-
( - ) 
+ 
+ 
4 5 6 
D + 7 
D + 7 
D + 7 
E + 7 
c + 7 
D + 7 
E + 7 
T + 7 
E + 7 
T + 7 
w + 7 
D + 7 
E - 3 
E - 2 
E - l 
E - l 
E - l 
E - l 
E - l 
E - l 
7 8 
( c )  Ground-dwelling herbs 
FILICOPS IDA 
0 ASPIDI . ?Dryopteris s p .  
0 Polyst i chum 
keys serianum Ro s .  
0 ATHYRI . Diplazium s p .  
0 BLECHN . Blechnum s p .  
0 DENNSTAE . Dennstaedtia  s p .  
( aff , Microlepia 
pseudohirta Ros . )  
0 DIPTERI . Dipteris ? conjugata 
Reinw .  or 
novoguineens is  Posth . 
0 HYMENO . Trichomanes maximum Bl . 
0 MARATTI .  Marat t ia sp . ' nov . 
( af f .  M .  novo-
guineensis Ro s . )  
0 PTERID . Pteris s p .  
0 P teris s p .  
0 THELYPT . Pronephrium womersleyi 
Hol t t . 
0 Cyclosorus ( Sphaeno-
stephano s )  sp . ( treele t )  
MONOCOTYLEDONEAE 
B AR. Colocasia s p .  
B LILI . Dianella ens i folia ( L , )  DC . 
s ORCHID . Agrostophyllum s p .  
B ZINGIB . Alpinia s p .  
B Alpinia s p .  
B Riedelia sp . 
B Riedelia s p .  
B Riedelia s p .  
9 10  ll  1 2  l3  14 1 5  
r-o 0 T 
r 2 T 
rl  2 T - - - 8 
r l  2 T - - - 8 
o- f 0 T 
p 2 D - - - l l  
r l  2 T - - - 8 
0 0 T 
p 2 T - - - 8 
r 0 D 
rl 2 T - - - 8 
ol 0 T 
r-o 0 ( T )  L+R - - 9 
p 2 T - L - 8 
p 2 T - R - 8 
0 0 ( T )  0 L - 9 
0 0 T L B - 7 
0 0 T L R 
0 0 T L+R 
0 3 T - B-F 
-
0 ......i 
TABLE 2 . 7  contd . 
1 3 5  Mi 
2 1 8  Mi 
28 Mi 
27  Mi 
208 No 
29 Mi 
53 , 1 9 1  Me 
2083 Mi 
2 1 9  Mi 
24  Le 
25 No 
136  Mi 
149  Le 
2 1 7 2  Na 
132  Mi 
46 , 200 Mi 
9 Le 
2 3 
(+)  
-
-
-
+ 
(+)  
+ 
+ 
( - ) 
-
+ 
+ 
-
-
-
+ 
-
4 5 
T -
D -
E -
D -
D -
D -
E -
E -
D -
T -
D -
D -
T -
D -
T -
D -
c -
6 8 
DICOTYLEDONEAE 
1 E BALSAM .  Impat iens hawke ri Ridl . 
1 I BEGONI . Symbegonia s p .  
3 D CHLORANTH . Chloranthus o f f ic inalis Bl . 
1 B GESNER . Cyrtandra s p .  
1 B Cyr tandra s p .  
1 I LABIAT . Coleus scutellario ides 
( L . )  Bent h .  in Wall . 
2 D MYRSIN . ?Discocalyx s p .  
2 A POLYGON . Polygonum chinense L .  
3 A URTIC . Elatos tema blechno ides Ridl . 
3 A ?Elatostema s p .  
3 A ?Elatos t ema s p .  
3 A ?Elatostema s p .  
3 A ?Elatostema s p .  
3 A Elatostema morobense Perry 
3 ?A P i les cunea ta Winkl . 
3 ?A p ,  effusa Wink! . 
3 ?A ?Pi les s p .  
9 1 0  1 1  1 2  1 3  14 15 
ol 0 T L - - 10 
r 2 T - L - 8 
o- f 0 T L+R L+R 
f 0 T L+R L+R 
0 0 T L+R L+R 
0 0 D L+R L+R 
r 0 T R L 
r 0 D L L 
r 2 T - L f 8 
f 0 T L L 
ol 2 T L L 
ol  ( 2 )  T 
rl ( 1 )  T - L 
r 2 T - L 
o- f 0 T L L 
ol 0 T B L 
0 0 T L L 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( d )' Climbers and scramblers 
1 7 1 , 3 67 Le -- D + 7 0 DAVALLI .  Daval lode s novoguineense r-o 0 T - - - 1 2  
( Ro s . )  Cope l .  
1 5 5  Le - E + 7 0 DENNSTAE . Denns taedtia s p .  r-o 0 ? - - - 1 5  
MONOCOTYLEDONEAE 
238 Me + E - 3 B AR .  Po thos s p .  0 0 ( T )  - L - 1 3  
2 1 7 3  Mi + E - 3 w DIOSC . ?Dioscorea s p .  r 2 ( T )  - - - 1 2  
103 Mi - E - ? D GRAMIN . Nas tus productus f 0 ( D )  L - - 1 5  
{ P i lg . )  Ho l t t . 
93 Na - E - 2 B PANDAN . Freycinetia angustissima 0 0 T L+F - - 1 2  
Rid! . 
1 1 9  Mi - E - 2 B Freyc ine tia sp . vf 0 T F R - 1 2 / 1 3  
1 1 4  Me - D - 2 B Freyc inetia s p .  0 0 T ?  L+R L+R - 1 3  
-
0 
00 
TABLE 2 . 7  contd . 
2230 Mi 
55 Mi 
2080 Na 
260 No 
2286 No 
2038 Mi 
2042 Me 
2039 Mi 
122 No 
2047 M i  
1 5 1  M i  
389 No 
58 No 
233 No 
37 Mi 
1 50 Me 
2 
88 Mi+ 
Na 
105 No 
1 44 , 1 8 8  No 
187  No 
202 Mi 
2 58 Me 
s . n .  Mi 
44 Mi 
3 
-
( + )  
-
-
-
( - ) 
( - ) 
+ 
(+) 
-
+ 
( + )  
-
( + )  
( + )  
( - ) 
( - ) 
+ 
( +) 
+ 
+ 
+ 
( - ) 
+ 
4 5 6 
E - l 
E - l 
E - l 
D - 3 
D - l 
E - 2 
E - 2 
E - l 
D - l 
w - ? 3  
E - 3 
E - 3 
E - 3 
E - 3 
E - 3 
E - 3 
E - 2 
E - 3 
E - 3 
E - 3 
E - 3 
E - 3 
D + 2 
T - 3 
8 
DICOTYLEDONEAE 
B APOCYN. llyxia s p .  
B Melod i nus novoguineense 
(Wern . )  Pichon 
p Par sonsia bra s s i i  
Mkgf 
c CELASTR . Celastrus novoguineens i s  
Merr . & Perry 
p COMPOSI . ?Ar rhenecht i t e s  
novoguineens i s  ( S .  Moore ) 
Mat tf . 
B CUCURBIT . Melothria c i s symbium 
Jacobs 
B Trichosanthes a p .  
c GESNER . Ae schynanthus c f .  leptoclados 
C . B .  Cl . 
B Cyr tandra a p .  
D MENISP . ? S·tephania s p .  
? D  MONIMI . Palmeria hooglandii 
Phil ipson 
D P .  fengeriana Perk . 
D P .  womersleyi Philipson 
F MOR , F i cus insculpta Summerh . 
D MYRS IN . Embel i a  a p .  
D Embelia a p .  
B OLE , Jasminium a p .  
B PIPER . Pi per a p .  
B Piper novoguineense Warb . 
B Piper nodat z i i  
K .  Schum . & Laut . 
B Pipe r  a p .  
B Piper a p .  
p RANUNC . ? C l ema t i s  a p .  
D RHAMN .  Rhamnus nepalen s i s  
(Wal l . )  Laws . 
9 1 0  1 1  1 2  1 3  1 4  1 5  
r l  3 ? - R - 1 3  
f 0 D L ( R ) L  - 1 3  
r 2 
p 3 ? - R - 1 3  
r 0 
r 0 D R L - 1 4  
r l D R - - 1 3  
r-o 0 T L L - 1 2  
0 0 T L ,  ?R L,  ? R  - 1 2  
r 0 D - - - 14  
r l ? - R F 1 3 ? 
r 0 ? - L+R F 1 3 
0-f 0 D L - - 1 3  
f 0 T F R - 1 3  
o l  0 D B R - 1 3  
r l D R B - 1 3  
r 2 D L L - 1 5  
0 0 T L+R R - 1 2  
o l  0 T 0 L+R - 1 3  
r-o 0 T - L - 1 2  
r 2 T - L - 1 2  
r 3 T - L - 1 2  
r l D - - - 1 4  
r l  3 ( D) L+R L - 1 5  
.... 
� 
TABLE 2 . 7  contd . -
-
2 3 4 5 6 7 8 9 1 0  1 1  1 2  13  14 15  
0 
3 78 Mi (+)  D + 2 D ROS . Rubus dic linis F .  v . M .  r 3 D - L - 1 5  
var . d ic linis 
2 1 9 0  No ( - ) D - 2 D R .  ledermanii Focke var . r 0 D - L+R F 1 5  
ledermanii 
2081  Me - D - 2 D R .  ? moluccanus L .  0 0 D - L+R f 1 5  
2 1 0 6  Na - D + 2 D R .  papuanus Schltr 0 - D L L+R - 1 5  
231 1 No (+)  D + 2 D R. t siri van Royen r 3 D - R - 1 5  
2082 Mi (+) D + 2 D Rubus s p .  0 0 D - - - 1 5  
4 9  Mi ( - ) E - 1 RUBI . Lucinaea sp . r-o 0 T L+R L ,  ?R f 1 3  
1 20 No (+) E - 1 s Uncaria s p .  r 0 · D  R L - 1 3  
240 , 364 No (+) E - 1 B SOLAN . Lycianthes s p .  r 0 ? - L R - ? 
38 No ( - ) E + 3 B VIT . ? Cayratia s p .  r ( 2 )  D B 0 - 1 3  
2289 No (+) D + 3 B ? Cayrat ia s p .  p 3 D - - - ? 
2078 Mi - D + 3 B ? Cayratia s p .  r 0 D - - f 1 4  
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  
( e )  Epi phytes , including hemi-para s i te s  
LYCOPS IDA 
72 Le - E - 7 0 LYCOPODI . Lycopodium phlegmaria L .  0 0 - - - - 1 7  
2326  L e  - E - 7 0 Lycopodium s p .  r 0 - - - - 1 7  
2328 Le - E - 7 0 Lycopodium sp . r 3 - - - - 1 9  
2 2 7  Le - E - 7 0 Lycopodium s p .  r 2 - - - - 1 9  
1 9 0  Le - E - 7 0 SELAGIN . Selaginella apoda Warb . r 2 - - - - 1 9  
FILICOPSIDA 
1 5 6  Na - D + 7 0 ADIANT . Adiantum c f .  anei tense Carr.  f 0 - - - - 1 9  
1 8 1  Na - D + 7 0 ASPIDI . Polys t ichtm1 s p .  r 0 - - - - 1 9  
1 8 2  Me (+) E - 7 0 ASPLENI . Asplenium s p .  aff . amboinense 0 0 - - - - 1 9  
Willd . 
1 7 8B Mi ( - ) D + 7 0 Asplenium caudatum Fors t . 0 0 - - - - 1 9 
1 6 1  Le - D + 7 0 Asplenium nutans Rosen. 0 0 - - - - 1 7  
1 7 3  Le - D + 7 0 DAVALLI . Huma ta deltoidea Copel . r-o 0 - - - - 1 7  
180 No - E - 7 0 ELAPHOGL . Elaphoglossum s p .  o-f 0 - - - - 1 7  
2 8 2  No - E - 7 0 Elaphoglossum s p'. ' aff . r 0 - - - - 1 9  
E .  angulatum ( Bl . )  Moore 
TABLE 2 . 7  contd . 
398 Le 
185  Na 
1 7 2  Na 
1 7 5  Le 
189 Le 
2 7 2  Na 
2 1 1 8  Le 
2 1 19 Le 
2 1 5 1  Le 
2 1 5 5  Le 
176  Na 
1 7 4A Na 
160 Mi 
1 7 4 B  Mi 
1 5 7  Na 
153  Le 
1 54 Le 
179  Le 
152 Le 
183 Le 
266  Le 
382 Le 
2 1 5 2  Le 
184 Le 
2 
-
-
-
-
-
-
-
-
-
-
-
+ 
+ 
-
-
-
-
-
-
-
-
-
-
-
3 4 5 6 
E + 7 
E + 7 
E + 7 
D + 7 
D + 7 
E + 7 
E + 7 
E + 7 
E + 7 
E + 7 
E. - 7 
E - 7 
c - 7 
E - 7 
E + 7 
E + 7 
E + 7 
E + 7 
T + 7 
E + 7 
T + 7 
E + 7 
E + 7 
E + 7 
7 8 
0 GRAMMIT . Calymmodon cucullatum 
( Nees & Bl . )  Presl 
0 Ctenopteris venulosoides 
( Copel . )  Copel . 
0 Ctenopteris sp . 
0 Ctenopteris polytricha Cope l . 
0 Ctenopteris subsecundodissecta 
( Zoll . )  Copel . 
0 Ctenopteris s p .  
0 Ctenopteris s p .  
0 Ctenopteris sp . 
0 Ctenop teris s p .  
0 C tenopteris  sp . 
0 Grammitis caespitosa Blume 
0 G .  scabr i s tipes ( Bak . )  Copel . 
0 G .  sumat rana ( Bak . )  Copel . 
0 G .  fasc iculata Blume 
0 Prosaptia cont igua ( Fo r s t . )  
Presl 
0 HYMENO . Hymenophyl lum 
reinwardtii  v . d . B .  
0 H .  geluense Rob .  
0 H .  ooides F .v .M .  & Bak . 
0 H .  gorgoneum Copel 
0 H .  imbricatum Bl . 
0 H .  c f .  lobbii Moore ex v . d . B .  
0 Trichomanes pal lidum Bl . 
0 T .  aff . pall idum Bl . 
0 LINDSAE . Lindsaea pulchella ( J . Sm. ) 
Met t .  ex Kuhn 
9 10  11  
r 0 -
r-o 1 -
o- f 0 -
r 1 -
r 0 -
r 1 -
r-o 0 -
r 0 -
r 1 -
r 1 -
r 1 -
r 0 -
o- f 0 -
r 0 -
o- f 0 -
o-f 0 -
o- f 0 -
o- f 0 -
o- f 0 -
r-o 1 -
r 0 -
r 3 -
r 1 -
r 0 -
1 2  1 3  
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
14 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
1 5  
18 
19 
1 7  
1 9  
1 9  
1 9  
1 7  
1 7  
1 9  
1 7  
1 6  
1 7  
1 7  
1 7  
1 7  
1 7  
1 7  
1 7  
1 7  
1 9  
1 8  
1 8  
1 9  
1 9  
.... 
.... 
.... 
TABLE 2 . 7  contd . 
2 3 
1 6 5  Mi -
163 Mi -
16 6 No ( - ) 
1 6 8  No -
1 58 , 1 7 0  No + 
1 6 4  Mi -
1 6 2  Ma -
1 7 7  Mi + 
1 5 9  No + 
1 6 7  Mi -
2 1 4 6  Na -
2200 Mi -
222 Mi (+) 
2091 , 
2 1 2 8  Na -
2 1 2 9  Mi -
2 1 30 Mi (+ ) 
2 1 3 1  Mi -
2 1 3 2  Mi -
2 1 49 Le (+ ) 
2 1 5 8  Mi -
2 1 6 1  Mi -
2 1 6 2  Na -
2 1 6 3  Na -
2 1 4 1  Mi (+) 
2 1 64 Na -
2183 Le -
23 1 4  Mi ( +) 
4 5 
E -
(T ) + 
E -
E -
E + 
E -
E -
E -
E -
E -
E -
E -
E -
E -
E -
E -
E -
E -
E -
E -
E -
E -
E -
E -
E -
E -
E -
6 8 
7 0 POLYPODI . Belvisia revoluta ( Bl . ) Copel . 
7 0 Goniophleb ium s p .  a ff . G .  
demersum ( B r . ) Copel . 
7 0 Loxogramme vit tariformis 
(Ro s . ) c .  Chr . 
7 0 Loxogramme paltonioides Cope l . 
7 0 Microsor ium cromwellii  
( Ros . ) Copel . 
7 0 ?Microsorium s p .  
7 0 ?Microsor ium s p .  
7 0 Selliguea s p .  ( Pleopeltis 
cre t i fera v . A . v . R . ) 
7 0 VITTARI . Antrophyum l edermanni 
Brause 
7 0 Vi ttaria s p .  
MONOCOTYLEDONEAE 
l s ORCHID . Agrostophyllum s p .  
l s Agros tophyllum s p .  
l s Bulbophyllum s p .  
l s Bulbophyllum s p .  
1 s Bulbophyllum s p .  
1 s Bulbophyllum s p .  
l s Bulbophyllum s p .  
l s Bulbophyllum s p .  
l s Bulbophyllum s p .  
l s Bulbophyl lum s p .  
1 s Bulbophyllum s p .  
l s Bulbophyllum s p .  
1 s Bulbophyl lum sp . 
1 s Ceratostylis s p .  
l s Ceratostylis sp . 
1 s Ce ratos tyl i s  sp . 
l s Ceratos tyl is s p .  
-
-
9 1 0  1 1  1 2  1 3  14  15  N 
0 0 - - - - 1 8  
o- f 0 - - - - 1 7  
o- f 0 - - - - 1 8  
r l - - - - 18 
f 0 - - - - 1 7  
0 0 - - - - 1 7  
o- f 0 - - - - 1 8  
o-f 0 - - - - 1 7  
o- f 0 - - - - 1 9  
0 0 - - - - 1 8  
- - - - R 
- - - - R 
- - - - L 
- - - - R 
- - - - L 
- - - - R 
- - - - R 
- - - - L+R 
TABLE 2 .  7 contd . 
2 3 4 2 � 7 
1 9 5  Na (+) E - 1 s 
2090 Mi ( +) E - l s 
2 1 2 4  Na (+) E - 1 s 
2 1 35B Na {+) E - l s 
2 1 3 7  Mi - E - l s 
2 1 4 5  Mi (+) E - 1 s 
2 1 9 2  Mi (+) E - 1 s 
2103 Na - E - 1 s 
2 1 5 9  Na - E - l s 
2280 Mi (+) E - l s 
2 1 3 4  Mi - E - 1 s 
2 1 3 8  Ma - E - l s 
2 1 4 3  Mi - E - l s 
2 1 5 0  Mi (+) E - 1 s 
1 4 2 , 
2 1 4 4  Na - E - l s 
2 1 2 7  Le - E - 1 s 
2 1 4 7  Na - E - l s 
2 1 6 0  Le - E - l s 
2 1 6 5  Na - E - l s 
23 1 6  Le - E - l s 
2093 Mi - E - l s 
2 1 4 4  Na - E - 1 s 
2 1 0 ,  
2 1 3 9  No (+) E - l s 
2 1 3 6  Na - E - l s 
2 1 5 6  Na - E - 1 s 
2 1 5 7  Mi - E - l s 
2 1 2 5  Na - E - 1 s 
192  Mi - E - 1 s 
2 2 7 9  No - E - 1 s 
2 3 1 5  Na - E - 1 s 
2 2 7 7  - - - - l s 
2 1 0 8  Na - E - 1 s 
2 1 2 6  Na - E - 1 s 
2 1 3 3  Mi - E - 1 s 
2 1 4 2  Mi (+) E - 1 s 
2 1 4 8  Na (+) E - 1 s 
2 2 3 1  Le - E - 1 s 
8 9 10 
Dendrobium sp.  - -
Dendrobium s p .  - -
Dendrobium s p .  
Dendrobium s p .  
Dendrobium s p .  
Dendrobium s p .  - -
Dendrob ium s p .  
?Dendrobium s p .  
?Dendrobium s p .  
?Dendrobium s p .  - -
Epiblastus s p .  
Epiblas tus s p .  
Ep iblastus s p .  
?Epiblastus s p .  
?Glos sorhyncha s p .  - -
Glos sorhyncha s p .  - -
Glossorhyncha s p .  
Glos sorhyncha s p .  - -
Glossorhyncha s p .  
Glos sorhyncha s p .  - -
Glomera s p .  - -
?Glossorhyncha s p .  - -
Liparis spectabilis Schltr - -
Mediocalcar s p .  - -
Medi ocalcar s p .  - -
Mediocalcar s p .  - -
Oberonia s p .  - -
Phreatia s p .  - -
Phreat ia s p .  - -
?Phreatia s p .  - -
Taeniophyllum s p .  - -
? genus 
? genus 
? g enus 
? g enus - -
? genus - -
? genus - -
1 1  1 2  
- -
- -
- -
-
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
1 3  
L 
L 
L 
R 
L+R 
R 
R 
R 
L 
L+R 
L 
L+R 
R 
R 
L 
L+R 
L+F 
L 
R 
R 
-
L 
1 4  1 5  
..... ..... 
w 
TABLE 2 . 7  cont d .  --
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2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  14  15  
DICOTYLEDONEAE 
383 Me + E + 3 D ARALI .  Schefflera er iocephala 0 0 - R , ? L R - 1 7  
Harms 
2073 No + E + 3 D Schefflera s p . r 0 - - - - 1 9  
8 2  No + E - 5 B ERIC . Dimorphanthera amoena Schl tr o- f 0 - BLR ? - 1 7  
47  No (+ ) E - 5 B D .  f i s siflora ( Slewn. ) o- f 0 - L+R L - 1 7  
Stevens 
1 1 8  No (+) ( C ) - 5 B D .  robbins i i  S l ewn .  r-o 0 - L+R L+R - 1 7  
6 2  Na - T - l B Diplycosia rupicola Slewn. r 0 - L+R L+R - 1 7  
20 Mi - E - 4 s Rhododendron herzogi i o- f 0 - L ,  ?R  R ,  ?L - 1 7  
Warb . 
2 1 , 66 No - E - 5 s R .  phaeochitwn F .  v . M .  o- f 0 - L R f 1 7  
2033 Na - E - 5 s R .  r arwn Sleum . r-o 0 - L L - 1 7  
2232 , 
2 3 2 1  Me - E - ? s R .  superbwn Slewn . r-o 0 - - R - 1 7  
2 6 8  No - E - 5 D LORANTH . Amyema c f . scandens r 0 - - L - 1 7  
(Tiegh . ) Dans . 
39 5 Na - E - 3 B PIPER. Pepe romia sp . vr 0 - - L - 1 7  
206 Mi (+ ) E - l D RUBI . Myrmecodia s p .  p 2 - - L F 1 7  
20 5 1  Na - E - l D Myrmecodia sp . p l - - - - 1 7  
2 2 1 6  Le - E - l D Ne rtera granadensi s  p l - R R - 1 9  
( Mut i s  e x  L . f  . ) Druce 
94 Le (+) E - l B SANTAL . Cladomyza cuneata Dans . p l - L+R - - 1 7  
TABLE 2 . 7  contd . 
2 
3 7 4  Le 
2025 No 
1 7  Mi 
2064 No 
78 No 
95 Mi 
Na 
2054 Mi 
22  Mi 
123 No 
67 No 
373  Na 
3 7 1  Le 
LAE No 
51069 
2034 Mi 
99 Mi 
3 
-
-
(+ ) 
+ 
+ 
(+)  
-
-
( - ) 
(+) 
(+)  
-
-
(+) 
+ 
-
4 5 6 7 
E + 7 0 
D - l p 
E - l s 
D - 3 D 
(W)  - 3 D 
E - l B 
D - 6 D 
E - 2 I 
E - 2 w 
D - 2 B 
T - 2 D 
E + 7 0 
E + 7 0 
E - 5 B 
E - l D 
E - 3 A 
8 
( f )  � and shrubs £!_ the forest-margin 
FILICOPSIDA 
CYATHE . Cyathea magna Copel . 
DICOTYLEDONEAE 
COMPOSIT . Olearia platyphylla Mat t f .  
var . c inerea ( Mat t f . )  Ko ster 
ERIC . Rhododendron macgregoriae 
F. v . M .  
MON I MI . cf . S t eganthera ilicifolia 
A . c .  Sm . 
MYRSIN . Maesa bismarckiana Mez 
PROT . He licia microphylla Diels 
RUBI . Coprosma d i scoloris van Royen 
RUT . Halfordia s p .  
SAPIND . Dodonaea viscosa ( L . )  Jacq . 
SAURAU I .  Saurauia scaberrima Laut . 
SYMPLOC . Symplocos cochinchensis (Lour . )  
s .  Moore 
( g )  Climbers and scramblers of forest-margin 
FILICOPS IDA 
GLE ICHENI . Gleichenia bras sii C .  Chr . 
PTERID . Histiopteris inc isa ( Thunb . )  
J . J .  Sm . 
DICOTYLEDONEAE 
ERI C .  Dimorphanthera dent iculifera 
Sleum . var . d enticulifera 
GOODENI . Scaevola oppo s i t ifolia R .  B r . 
POLYGON . Muehlenbeckia mont icola Pulle 
9 10  11  
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
1 2  1 3  
R 
L 
L 
L 
L 
R 
R 
L 
- -
- -
L 
L 
L 
1 4  1 5  
6 
f 6 
-
-
6 
6 
6 
6 
6 
6 
1 5 
1 5  
-
-
Vt 

1 1 7 
I I I . THE UPPER MONTANE AND SUBALP INE ZONE S 
( a) General problems of  fores t-clas sification 
A summary o f  the s truc tur al and phy s iognomic features  o f  the forest­
types r ecognized i s  s e t  out in Table 3 . 1 .  The charac t e r i s t i c  features 
indicated agree wel l  wi th t ho s e  appl icable on a world s cale for diagno s i s  
of  the relevant forma t ion- type s  ( Table 1 . 2 ) . I t  wil l  be seen from Table 
3 . 1  that there are no c lear grounds for treat ing the Trans i t ion Fo res t  as 
a s eparate forma t ion . Pai jmans ( 1 9 7 5 )  has however ,  included the 
Trans ition fores t  and true Subalpine fores t  in hi s "Montane fore s t " . He 
does not r ecognise a Subalp ine Zone or forest- type . Hi s tre atment can 
only cause confusion . Johns ( 1 982 ) in part follows Pa i jmans ( 1 97 5 ) . 
Preliminary data have been given previously for l eaf- s i z e  s pectra 
( G rubb 1 97 4 ,  Table 2)  but these wer e  incomp lete  for the LMRF and s lightly 
erroneous fo r the UMRF . More detail ed information is provided here on 
the incidence of compound leaves , s errate margins , acuminate t ips and 
drip tips . All of the se data are use ful in illus trat ing trends  that are 
generally a s sociated wi th increas ing alt itud e  ( c f . Shreve 1 9 1 4 , Richards 
1 9 5 2 , Grubb e t  al . 1 9 6 3 ) . They pr esumably have some funct ional 
s igni ficance and thi s  mat t e r  wi l l  be di scus sed in detail e l s ewhere , 
toge ther wi th data on the incidence of hairs and on internal s truc ture . 
In pas s ing , one should no te  that i t  is  not true , as Wade & McVean ( 1 9 6 9 , 
p . 36 )  allege , that mos t  tree leaves in the UMRF have conspicuous drip 
t ips - only 1 6% have acuminat e tips ( Table 3 . 1 ) . 
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TABLE 3 . 1 THE STRUCTURAL AND PHY S IOGNOMI C FEATURES OF THE 
FOREST-TYPE S  RECOGNIZED IN THE PRE SENT STUDY 
Forma t ion Lower Montane 
Ra i n  f o r e s t  
As s o c i a t ion 
Al t i t ud inal 
r ange 
2 500-
? 3050 m 
He ight of fore s t  ( m )  
( emergent s in bracke t s )  
2 7 -33 
( -3 7 ) 
Leaf s i ze-clas s e s  o f  t r e e s  & s hrub s 
( % o f  s p e c ie s ) *  -- ��- -
Megaphyll 0 
Mac rophyl l 3 
Mes ophyll 1 6  
No t ophyl l 3 7  
Mi crophyl l 35 
Nanophyl l 3 
Lept ophyl l 6 
But t r e s s e s  Mo s tly 0 . 5  m 
h igh ,  frequent 
Cau l i florous 
tree s pe c i e s  
V e r y  r a r e  
Compound leav e s  ( %  of 14 
t r e e  and shrub s p e c i e s ) 
Leaf margins smo o t h* *  7 0  
( %  t r e e  & s hrub s pe c i e s ) 
D r i p  t ips*** ( %  o f  2 0 ( 3 7 ) 
tree & s hrub spec i e s )  
Wo ody c l imbers Very f r equent 
Vas cular epiphy t e s  Abundant 
* 
* *  
For rat ing s  o f  ind iv i dual s pe c i e s  
Wavy margins c ou n t ed a s  smo o th ;  
d e t ai l s  i n  Tabl e s  2 . 7  and 3 . 2 .  
Upper Mon tane 
Ra in for e s t · 
Ma in Tran s i t ion 
As s o c i a t ion Fore s t  
? 3050- 3400-
3400 m 3 5 50 m 
6-2 1  4-8 
(-24 ) ( - 1 5 )  
0 0 
2 0 
7 4 
23 20 
46 4 4  
IT 20 
7 1 2  
Almo s t  None 
none 
None None 
6 8 
70  85  
4 ( 1 6 )  0 ( 1 9 )  
Rare None 
Frequent Occas ional 
s e e  Tab l e s  2 . 7 and 3 . 2 .  
non- smo o t h  a r e  s e r r a t e  o r  
Subal p ine 
Ra in f o r e s t  
35 50-
3670 m 
4-7 . 5  
( - 1 2 )  
0 
0 
0 
1 5  
1 5  
55  
IT 
None 
None 
0 
80 
0 ( 0 )  
None 
O c c a s i ona l 
c renul a t e . See 
*** ( t he % o f  species wi t h  marked l y  acumina t e  l eave s  but not d r i p- t ip s  a s  o r d i nar ily 
und e r s tood ) .  For d e t ai l s  s e e  Table s 2 . 7  and 3 . 2 .  
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It is apparent from Tabl e s  1 . 2 and 3 . 1 that progressively fewer 
characteristics are useful in diagnosis  wi th increasing altitude . 
Characters that are useful in s eparating Lowland and Lower Montane 
fo rests ( cauliflory , compound leaves , drip tips ) are of no pract ical use 
in separating Lower Montane and Upper Montane fore s t s . S imilarly 
characters useful in separating the las t  two type s as wel l  as in 
s eparating Lowland and Lower Montane ( tree height , buttresses , woody 
climbers , vascular epiphyte s )  are of no value in s eparating Upper Montane 
and Subalpine fores t s . For the last separation we are left solely with 
leaf size . This is , however , a well-marked character and one easy to  
observe in the field - nanophylls are in practice �· 25 mm or less long . 
I t  should be used more systemat ically in future work . I t  i s  particularly 
unfortunate that the Upper Montane and Subalpine fo res t s  sensu Tables 1 . 2 
and 3 . 1  are lumped in the very broad ' Subalpine ' Zone recognized by van 
Steenis ( 1972 ) in Java . I t  i s  necessary always to bas e  the 
classification of an Upper Montane or Subalpine forest  on the leaf-size 
spectrum of  all  the species of trees and shrubs and not to be unduly 
influenced by the nature of a single dominant spe cies . This has to be 
emphasized because there are several reports  of sing le species of  
Vaccinium with relatively large leaves ( microphylls or notophyll s )  
dominating true Subalpine fo res t ( e . g . 
1 9 72 ) . Conversely Leptospe rmum spp . 
Brass 1 94 1 , Coode & Stevens 
wi th nanophylls may dominate 
forests that are mos t  use fully classi fied on general grounds as Upper 
Montane rather than Subalpine , e . g .  on Mt Rantimario ( 3360 m) in 
Sulawes i ( A . C .  Jermy , pers . comm . ) .  There is fur ther di scussion on the 
impact of single s pecies dominance on classification in connect ion with 
Araucaria and Nothofagus below .  
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Fo rest format ions def ined in terms o f  s truc tur e  and phy s iognomy are 
of l i ttle value if they are not floris tically d i s t inct . This po int 
becomes particularly cri t ical when very few s truc tural or phy s iognomi c 
features  can be used t o  s eparate two format ions , mos t  of all when only 
one charac ter is involve d as  in the Uppe r Montane / Subalp ine d i s t inct ion 
in Table 1 . 2 .  As shown later in  this chapter , the formations we 
recognize in New Guinea can be cons i s tently s eparated at  the generic 
level and , so far a s  the relevant taxonomy has progres s ed , even more so 
at the speci es level . That i s  not to say that particular s pecies  never 
o ccur in more than one formation . In pract ice , dif ferences  between 
format ions in struc ture and physiognomy ari se in two ways : 
( i )  through dif ferences  in the growth form o f  the same s pecies , and 
( i i )  through different spe c i e s  being present . 
In some areas the second factor i s  almo st  entirely respons ible for 
the diffe rences between the forma tions , e . g .  in Malaya ( according to 
Whi tmore 1 9 7 5 )  l e s s  than 4% of the tree species are repo rted from mo re 
than one of the three format ions in the al t i tud inal sequence there . In 
our pre sent study area both fac tors we re important . Firs tly , although 
more species overlapped the forma t ion-boundaries than in Whi tmore ' s  study 
the formations could be d i s t ingui shed by their overal l species 
compo s i t ion . Se condly , there were important chang e s  in the g rowth form 
o f  particular specie s . These involved chang es in mature height of trees 
and changes in matur e leaf s i z e . Reduced ma ture height in Upper Montane 
fore s t  was noted in al l the taller and commoner trees al s o  found in the 
Lower Montane fores t ,  viz . Ascarina philippinens i s , Bubbia  calothyr sa , 
Dacrycarpus c inctus , Elaeocarpus t r ichophyllus , Li t sea exsudens , 
Papuacedrus papuanus , P i t t osporum pul l i fo lium* , P .  rami f lorum , 
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Podocarpus archboldi i and Prunus pul�ei* . ( The reduct ion was e specially 
great in the Trans ition forest in the two species marked* � )  We also noted 
decidely smaller leaf-size in Upper Montane plants of Ascarina 
philippinens is , Bubbia calothyr sa , Pittosporum pulli folium , Prunus 
gri se�, Schuurmans ia henningsi� and �henos temon papuanum . In the lower 
part of the UMRF on Mt Otto trees of  the Ascarina with very 
different-sized leaves were found growing near each o ther , sugge s ting a 
genetic 
hooglandii 
control of 
was almo s t  
the difference . Very 
always trifoliolate in 
interestingly Euodiella 
the LMRF but always 
uni foliolate in the UMRF ; judging by herbarium specimens this change 
with altitude seems to be of general occurrence in thi s species . 
These changes in the growth fo rm of particular species are important 
in Trans ition fore s t s  and e special ly so in many of those  stands which 
show the Mas senerhebung e ffect sensu Ri chards ( 1 952 ) and Grubb & Whitmore 
( 1 9 66 ) : i . e .  the occurrence of a given fo rmation at lower altitudes on 
outlying ridge s or on smaller isolated mountains than on the main slopes 
of maj or mas sifs . In such stands some of the species no rmally found at 
that al ti tude on ma j or mas sifs  are absent while o the rs occur in dwarfed 
form and are mixed with species no t normally found so low down , being 
characteristic of the next fo rmat ion up in the altitudinal sequence . 
Following Grubb ( 1 9 7 4 ) , we call thi s  the floris t ic melange effect . It is 
illus trated in Fig .  3 . 1 .  An example of this type of stand ( on Mt Otto)  
is  discussed later . No clear example was seen by us on Mt Kerigomna or 
on Mt Wilhelm . 
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Major massif 
D C 
� Upper Montane 0 
c 
c Rain Forest 
Lower Montane 
Rain Forest 
Species A & B exclusive to L M R  F 
Species C & D exclusive to U M  R F  
Outlying r idge 
Rai n  Forest 
Species A & B mixed with C & 0 
in lower-al t i tude U M R F 
FIGURE 3 . 1 An il lus trat ion of the flo r i s t i c  melange effect  where a 
par ticular format ion- type occurs at a lower a l t i tud e on an 
outlying r idge than on the slopes o f  a ma jor  mas s i f . 
A qui te dif ferent problem c oncerns the recogni t ion of  d i f ferent 
as sociat ions based on flor i s t i c s  wi thin one format ion , e . g .  tho s e  
recognized b y  Wade & McVean ( 1 9 6 9 ) wi thin Alpine Tus so ck Grassland o n  Mt 
Wilhelm and poss ibly to be found on Mt Kerigomna too ( s ee below) . In 
Chapter 2 the case agains t recogniz ing di f ferent associations in the LMRF 
of the Fatima ba sin was made and we see no reason to spl it our 
higher-al t i tude format ions except fo r the division between the Main 
As sociat ion and the Tran si t ion Fores t  wi thin the Upper Montane fo rmat ion . 
However , one could recognize a di s t inct facies  o f  the Subalpine Forest  on 
the shallow soils  of the ridge- top . He re Anaphal i s  mariae ( forma alba ) , 
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Gaultheria mundula , Olear ia sp . 3 1 9  and Styphelia suaveolens we re much 
more fr eque nt than in the fore s t  as a whole ; Lycopodium pul le i  appeared 
to be confined to  such s i t e s . 
( b )  Flor i stic  analys is for Mt Kerig�� and detailed comparison with Mt 
Wilhelm 
The di s t ribut ions o f  the various spe c i e s  of  trees and shrub s on Mt 
Kerigomna are set  out in Table 3 . 2 and tho se o f  the herbs , climbers and 
scramblers in Table 3 . 3 .  E s timates  o f  fr equency we re made in the 
Subalpine forest at 3 660 m and 3 6 1 0  m and in the Trans i t ion forest at 
3500 m;  we also made scatt ered sorties  into the fore s t s  o f f  the track , 
which cros sed the ' s trike ' of the drainag e and so included both ridges 
and hol lows . Be cause the Upper Montane fore s t  ( Main As sociat ion) was 
much taller and richer in tree species we did no t attemp t to e s t imate 
frequency but made s pecies  l i s t s  at 3 300 m and 3200 m on the track up 
from the g rassland camp and at 3050-3 1 00 m on the ridge east of the 
gras s land area . Spec i e s  are rated 1 ,  2 or 3 in Tables  3 . 2 and 3 . 3 
depending on the number of the se s i t e s  at which they occurred . I t  is  no t 
po s s ible to  state  accurately the areas s ampled , but they we re perhaps of  
the order of 0 . 3-0 . 4  ha in the SARF , 0 . 2  ha in the Transit ion fore s t , and 
1 . 0-1 . 5  ha in the UMRF . 
No equally tho rough s tudy o f  the epiphytes was po s s ible in the 
limit ed t ime available . However ,  the data we obtained are summarized in 
Table 3 . 4 . Fur ther information on the ferns of  Mt Wilhelm is provided by 
Parri s ( 1 97 4 ) . 
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The limi tations o f  the data should be bo rne in mind . The diff iculty 
o f  naming species  in cer tain groups ( e . g .  Ol earia , P i per , P s ychotria , 
Saurauia , Schi zomeria)  i s  frustrat ing but unlike ly to  affect the pa ttern 
o f  apparent d i s t r ibut ions o f  species  - the s pecies  separated in Table 3 . 2 
seemed d i s t inc t enough . The same canno t be said o f  Rapanea . Thus the 
Rapanea cf . vaccinioid e s  ( R .  c f . papuana of the l i s t )  of the Subalpine 
forest  i s  a very different-looking plant from tha t  of the Lower Montane . 
The r elat ion between this s pecies and Rapanea sp . 325 , Rapanea sp . 2235 
and Rapanea sp . 2293  i s  no t clear but one of us ( P . J . G . ) did no te  taxa 
\ 
s imilar to 2235  and 2293  wi th s imilar di s tributions on Mt Wilhelm . There 
are c learly problems in thi s genus ( s ee van Royen 1 9 82 ) . A d i f ferent 
sort  of difficul ty appl ies to the Podocarpaceae . The relevant plants 
have been split into d i s c rete  taxa normally occurr ing in a d i s t inct 
al t i tudinal sequence : Podocarpus archboldii (Lower Montane to Upper 
Montane ) ,  P .  pilge ri ( Upper Montane ) and P .  bras s i i  ( ' Lowe r 
Subalpine ' ) ,  also Dacrycarpus cinctus (Lower Montane to Upper Montane ) 
and D .  compactus ( ' Subalpine ' ) .  In fac t these  specie s , e spec ially tho s e  
o f  Podocarpus sensu s t r i c to , show a gradual decrease in l e a f  s i z e  wi th 
increas ing alt itude and separat ion in the field is no t easy . Wade & 
McVean ( 1 9 6 9 ) r ecorded Da crycarpus ( Podocarpus ) compactus from the Upper 
Montane to  the ' Upper Subalpine ' on Mt Wilhelm although it appear s that 
it is usually restricted to the ' Upper Subalpine ' and ' Lower Subalpine ' 
fores t s  ( de Laubenf els  1 9 6 9 ; Johns & S t evens 1 9 7 1 ) .  Wade & McVean 
( 1 9 6 9 ) did not ment ion D .  c inctus but i t  cer tainly o ccurs on Mt Wi lhelm; 
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i t  i s  a plant of  the Upper Mont ane fore s t  ( de Laubenfels  1 969 ; Johns & 
S t evens 1 97 1 ) . Our material from the Upper Montane o f  Mt Kerigomna 
belong s to D .  c inctus . The only Podocarpus s ensu s tricto recorded from 
the Upper Montane of Mt Wi lhelm by Wade & McVean ( 1 969 ) was � p ilgeri 
but our material from Mt Ke rigomna belongs t o  � archbold i i , which also 
occurs in the Upper Montane of Mt Wilhelm ( Johns & S t evens 1 9 7 1 ) . 
Since our field s tudy o f  the Upper Montane and Subalpine Zones 
las ted only one week , our records are incomplete and the apparent 
exclus ivene s s  of taxa to cer tain fore s t- types wi ll have been exagge rat ed . 
From a compari son o f  our data with tho s e  of Wade & McVean we conclude 
that thi s l imi tation is  unl ikely to lead to ser ious error in any general 
a s s e s sment of the d i s t inctne s s  of the fores t s . 
The numbers of  species o f  trees and shrubs with d i f ferent type s o f  
d i s tribution are summarized i n  Fig . 3 . 2 . * 
It  is  immediat ely c lear tha t the Trans i t ion Fore s t  i s  jus t  that and 
no more . Whereas 60% o f  the trees and shrubs in the t rue Subalpine 
Fo rest  are exc lus ive to it and 44%  to the Upper Montane (Main 
As soc iation) respe c t ively , only 1 2% of  the species  are exclus ive to the 
Trans i t ion Fo res t .  The very high percentage exclusivene s s  to the Lower 
Montane ( 8 7 % )  i s  spur ious because i t  resul t s  partly from a lack o f  
comparable data for Lowland Ra in fore s t s , but the true f igure i s  l ikely 
to  be at l ea s t  7 0% ( Chap ter 2 ) . 
* the taxa in Symplocos , t reated by Nooteboom ( 1 97 5 )  as mere varieties  o f  
S . cochinchinens is  s s p . leptophyl la , we re very d i s t inc t in the field , 
and have been t reated as spe c i e s  in Fig . 3 . 2 ;  the same i s  true o f  the 
' ent i t ies ' in Drimys p iperita . 
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Subalp ine 
Rai n  
Forest 
D 
] 10  spec ies 
Upper Montane 
Rai n  Forest 
Transit ion 
forest 
Ma i n  
assoc iation 
D 
Lower 
Montane 
Rain 
Forest 
FIGURE 3 . 2 The numbers of species of trees and shrubs occurring in four 
different fore s t-types . 
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The only s pecies  apparently exc lusive t o  the Transi t ion Fo res t  are 
an ill-defined Quint inia , a variety of Symplocos cochinchinens i s  which 
shows intere s t ing variat ion on Mt Kerigomna ( Nooteboom 1 9 7 5 ) , and 
Podocarpu� bras s i i  ( Table  3 . 2 ) . The last species was recorded in the 
field as rare . On Mt Wilhelm Wade & McVean found it to be of low 
cons tancy ( clas s I I )  but completely exc lusive to their  Lowe r Subalpine 
Fo re s t . However , i t  does o ccur in the ir Upper Subalp ine Fo rest  ( Johns & 
St evens 1 9 7 1 ) .  The herbs and climbers show a parallel lack o f  exclusive 
species in the Transit ion Fores t  ( Table 3 . 3 ) . 
The fore s t s  def ined in Tables 3 . 1-3 . 3  correspond very clos ely wi th 
tho se described in de tail by Wade & McVean ( 1 9 6 9 ) from Mt Wilhelm c .  
20-25 km away . In comparing our account wi th tha t of Wade & McVean we 
have made reasonable as sumpt ions about equivalence s  o f  unde termined 
species , partly backed up by f ield and herbarium obs ervations . Of the · 
twenty trees and shrubs in our true Subalp ine Ra in fores t , they r ecorded 
fif teen . Of the other f iv e , four ( Rapanea nummularia , R .  communis , 
Rhododendron culminicola and Tr ochocarpa papuana ) have certainly been 
collected from Mt Wilhelm ( Table 3 . 2 ,  also Johns & S t evens 1 97 1 ) ;  
Vacc inium c f . cyclopense is as ye t unknown from Mt Wilhelm . Of our 
eight gene rally ' frequent ' species they found f ive to have a cons tancy 
rat ing o f  I I I-V and the o ther s  were no t recorded . Conversely , 
cons idering their species o f  high cons tancy our fore s t  appeared t o  lack 
Haloragis  halconensi s  Merr . ( ' Halorag i s  cf . microphyl la ' ) ,  Rhododendron 
gaul theriifo lium J . J .  Sm . and Trochocarpa di spersa S l eum . Thus the 
t i t l e  ' Dimorphanthe ra microphylla Rhododendron gaul the r i i fo litim 
Tro chocarpa d i s persa as sociat ion ' would be  singularly i ll- sui t ed for Mt _ 
Kerigomna although there i s  great overall s imilarity between t he fo rest  
there and that  on Mt Wilhelm . 
TABLE 3 . 2  THE D ISTRIBUTIONS AND FREQUENC IES OF T HE  SPECIES OF TREES AND 
MONTANE FORESTS ON MT KERIGOMNA , TOGETHER WITH THE COLLE CTING 
AND INFORMATION ON LEAF SIZE-CLAS S ,  TYPE OF LEAF TIP , TYPE OF 
SYNDROME AND D I SSEMINULE-TYPE AND PRESENCE ON OTHER MOUNTAINS 
S HRUBS IN THE SUBALPINE , TRANSITION AND UPPER 
NUMBERS OF VOUCHER SPECIMENS 
LEAF MARG IN , POLL I NATION 
IN WEST IRIAN AND PAPUA-NEW GUINEA 
Mountains and Mount ain g roups ( numbered as in Figure 1 . 1 ) 
1 .  All mountains in We s t  Ir ian , c o l l e c t ively 
2 .  V i c t o r  Emmanuel 
3 .  Doma P e aks 
4 .  Mt Giluwe 
5 .  M t  Hag en 
6 .  S ugarloaf 
7 .  Kubor Range 
8 .  Sepik-Waghi Divide 
9 .  Mt  Wilhelm 
1 0 . Mt O t t o  
1 1 . Mt Michael 
12 . Mt  P i ora & Kratke Range 
1 3 . Finis terre  Range 
1 4 . S aruwaged Range & Mt Bang e t a  
1 5 . Cromwell Mountains 
1 6 . Mt Amungwiwa 
1 7 . M t s  S t r ong , Dickson , Gara�a , St Mary 
18 . Mt  Albert Edward 
1 9 . Owen S t anley Range 
( includ ing Mt s Scra tchley , V i c t o ri a ,  Obree , Wharton)  
2 0 .  M t s  Dayman , Suckling 
2 1 . M t  S impson e t c . 
( inc lud ing Mt S imps on , Mi lne Bay mountains , Goodenough I s land s )  
Voucher s pe cimen s : where plants were n o t  g iven a number by us b u t  b y  R . D .  Hoogland and R .  Pulle n ,  t he ir collect ing number ( HP )  
i s  quo t ed in  the L a e  column . 
LS : Leaf s iz e-cla s s e s  ( s ensu Webb , 1 9 5 9 ) : Mg=Me gaphyl l ;  Ma=Macrophyll ; Me=Mes o phyl l ;  No=No to phyl l ;  Mi=Microphyl l ;  Na=Nanophyl l ;  
Le=Leptophyll . 
��� 
LT : Leaf tip- type : +=with d r i p- t i p ;  ( + ) =with a cumina te tip . 
LM :  Leaf  margin : C=Crenula t e ;  D=Denta t e , Denticulate  or Serra te ;  E=Ent i r e ;  W=Wavy ( bu t  smooth ) .  
P S : P o l l ination syndrome : l , 2 , 3 , 4 =P robably insec t-pollinat ed ( l =Flowe r s  t ubular , mos t l y  fai rly conspi cuous whi t e  to purpl e , green , 
cream ,  orang e  or red ; 2=Cons picuous non- tubular f lowers , mo s t ly whi t e  to pur p l e  or green , wi th  relatively large petals  and 
s tamens ; 3 = Inconspicuous non- tubular flowers ; 4=Flowe r s  long-tubular , whi t e , s c ented , probably moth- pollinated ) ;  5=Probably 
bi rd-po l l inated ( Tubular , red , scentl es s , large par t s ) ; 6=Probably wind-pollinated (Very var iou s ) ; 7 =No pollina t ion 
( P t e r idophyt i a ) . 
DT : Di s s eminule- type : A=Achene or achene- l ike ; B=Berry or ber ry- l ike ; C=Ca p sule with f l e shy seed s ;  D=Drupe or drupe- like ; 
E=Explo s ive ; H=Wi th hooks or hair s ;  I=Dry capsul e ,  u sually dehi s c ent , nev e r  explo s ive ; O=Spore s ;  P=wi th Pappu s ;  S=Very small 
( o f ten winge d ) ; W=Winged ( small or med ium- s i z ed ) .  
Lower Mon t ane Fore s t :  ( +) means present in the Lower Montane Zone but no t in pr imary fore s t . 
As teri sks in columns 9 and 1 0  ( Mt Wilhelm and Mt O t t o ) mean seen by P . J . G .  but no t c o l l e c t ed . 
S pe c i e s  recorded in the Upper Montane Rain f o re s t  on Mt Kerigomna by Hoogland and Pullen bu t not by u s : Elaeocarpus po lydactylus 
Schltr  ( HP 5 5 7 5 ) , Syzyg i um  adelphicum D i e l s  ( HP 5 604 ) and Xanthomyr tus papuana Mer r . & Perry ( HP 5 5 2 3 ) . 
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Subalpine � only 
3 1 7 5 4 5 9 4  N a  - E 5 B D imorphanthera microphylla r 
S l eum .  
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F.  v .M .  var . culmini cola 
305 5 4 5 7 0  N a  - E 5 s R .  wome r sleyi S leum .  r 
HP 5 5 4 1  L e  - E 1 D S t ypheli a  s uaveolens ( f )  
( Ho o k .  f )  War b .  
3 1 8  5 4 5 9 5  N a  - c 2 D Symplocos cochinchinens i s  0 
( Lour . )  S .  Moore s s p .  
leptophyl la ( Brand . )  
Noo t .  var . orbicularis  
( Hems ley ) Noo t .  
3 1 1  5 4 5 8 0  L e  - E 1 D Trochocarpa papuana f 
( Wr i gh t )  S leum . 
3 2 3  5 4604  Na - E 1 B Vac c inium s p .  c f .  f 
cyclopense J . J .  Sm . 
Subalpine and Trans i t ion For e s t  
3 0 8  5 4 5 7 6  L e  - E 6 D Dacrycarpus c ompactus f 
( Pilg . )  de Laub . 
3 3 8  5 4 6 1 3  Mi - D 1 D Po lyosma subalp ina 0 
Schulze-Menz 
TF UMF LMF 1 2 3 4 5 6 7 8 9 
- - - 7 9 
- - - ' unique ' 
- ( +) ( + ) 1 3 4 5 6 7 9 
- - -
- - - 4 8 9 
- - - 1 2 7 8 9 
- - - 1 4 7 9 
- - - 3 4 5 6 7 9 
- ( +) (+ ) 1 2 3 4 5 6 7 8 9 
- - - 3 4 5 7 9 
- - - 1 3 5 9 
- - - Vogelkop to Mt V i c t o r i a  
f - - 1 7 9 
0 - - 3 4 7 9 
1 0  1 1  
1 1  
1 0  1 1  
1 0  1 1  
1 1  
1 1  
1 0  1 1  
1 0  1 1  
1 0  
1 0  
1 2  1 3  14  1 5  1 6  1 7  1 8  1 9  2 0  2 1  
1 2  1 3  1 4  1 6  1 7  1 8  1 9  2 0  2 1  
1 2  1 3  1 4  1 5  1 6  1 7  18  1 9  2 0  
1 2  1 4  1 5  1 7  19  2 0  
12  1 3  1 5  1 6  
1 3  1 4  1 5  1 6  1 7  18  1 9  2 0  2 1  
1 6  18 1 9  
1 4  1 6  1 7  
1 2  1 7  1 8  
1 6  1 7  18  1 9  
N \0 
GE 1 2 3 4 5 6 7 8 9 10 1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  19  20 2 1  
-LAE LS LT LM P S  DT SAF TF UMF LMF w 
0 
Subalpine Fores t ,  Trans i t ion F o r e s t  and � As sociat ion � the � � Forma ti on 
3 2 7  546 1 1  N a  - E 6 D Coprosma papuens i s  O l iver 0 f 3 (+) 4 5 7 9 10 1 1  1 2  1 4  1 6  1 7  1 8  1 9  2 0  
H P  5 5 2 0  N a  - E 6 D C .  d i s c o l o r i s  van Royen r f 3 (+) 2 3 4 5 7 9 1 0  1 2  1 3  1 4  1 5  1 8  2 0  
3 6 1  54687  No - E 5 B Dimorphanthea keys s e r i  f 0 3 - 3 4 6 7 8 9 1 1  1 2  14 
( Schltr ex D i el s )  
S t evens 
3 2 1  54598  Mi - E 2 B D rimy s  piperita Hook . f .  f f 1 - 1 3 4 5 6 7 9 * 1 1  1 2  1 4  1 6  1 7  1 8  1 9 ? 
' entity mon t i swi lhelmi ' ( enti t i e s  ver s teeghii and mont i swi lhelmi trea ted as the same ) 
3 1 6  5 4 5 9 3  No - w 1 p Olearia s p e c t a b i l i s  Ko s te r .  o 0 1 - 4 6 9 * 1 6  
3 2 4  54606  Na - G 3 D Rapanea c f . papuana f f 1 - 1 2 4 9 10 1 4  1 7  18  1 9  2 0  
( Hemsley) M e z  
3 1 9  5 4 5 9 6  Na - E 3 D Rapanea nummularia van f f 1 - 2 3 4 5 7 9 10 1 1  
Ro yen 
Trans i t ion For e s t  Only 
2 2 4 6  HP 5 5 6 4  Na - E 6 D Podocarpus bras s i i  P i lg . - r - - 1 2 3 4 6 7 9 10 1 1  1 2  1 7  1 8  1 9  2 0  
2 2 5 8  - Mi - E 2 I Quin tinia s p . - r - - * 
3 1 3  54586  Mi - D 2 D Symplocos cochinch inens i s  - 0 - - 1 7 1 6  
( Lour . )  S .  Moo r e  s s p . 
leptophylla ( Brand . )  
Noot . var . revoluta Noot . 
Tran s i t ion � and Main As s o c i a t ion � � Montane Forma t ion 
3 3 8  5 4 6 4 3  N a  - E 1 D Amara carpus caeruleus - 0 1 - 9 1 8  
Mer r . & P e r r y  
3 4 5  5 4 6 5 2  Le - E 7 0 Cya thea percrassa C . Chr . - 0 1 
3 5 5  5 46 7 1  L e  - E 2 B De·caspermum loren t z i i  - r 2 - 1 7 9 10 1 1  1 8  
Lautb . 
3 4 7  5 4 6 5 5  M i  (+)  E 5 B Dimo r phanthera c o l l i n s i i  - vf 3 - * 10 1 1  
Sleum .  
3 5 9  54683 Mi - E 2 I Mel i c o p e  s p .  - ' r 3 - * 
5 54554 No - E 3 B Pi per wilhelmense Chew - f 3 - 9 
3 0 3  5055 1 No (+)  E 1 D P s ychotria aundens i s  - f 2 - 9 1 0  
van Royen 
2 2 6 5  - Mi - E 3 D Rapanea s p .  - 0 2 - * 
3 40 54645  No  ( + )  E 3 D Schef flera s imbuens i s  - 0 3 - 5 9 1 0  
Frodin 
3 1 2  5 4 5 8 5  M e  - D 1 p Sene c i o  kadambren - r 2 - 3 4 5 9 
van Royen 
3 3 9  54644 Mi (+) D 1 p Senecio gandin van Royen - r 2 - 9 
3 4 4  5 4 6 4 9  Mi - E 2 E Symp locos cochinchinen s i s  - f 2 - 3 4 7 * 
( Lour . )  s .  Moore s sp .  
leptophylla ( B rand . )  
Noo t . var . monticola 
Noot . 
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Kalkm . 
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D 
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* Widespread in LMRF 
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Wide spread in LMRF 
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9 * 1 1  1 3  1 4  
9 * 
* ?Widespread 
1 8  19 2 1  
1 7  1 8  20  
-
w 
-
GE LAE LS LT LM PS DT SAF TF UMF LMF 1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  13  1 4  1 5  1 6  1 7  18  1 9  2 0  2 1  w 
N 
� � ( Main Association) Only 
2 2 7 5  - No - E 2 D Acronyc hia sp . - - 1 - * 
2 9 4  5 4 5 5 9  L e  - E 1 D Amaracarpus subalpinus - - 2 - 2 5 9 10  18  1 9  2 1  
van Royen 
3 0 1  5 4 5 6 6  N a  - E 1 D A .  c lemensae Merr . & Perry - - 1 - 1 1  12  1 4  1 7  
2 9 3  5 4 5 5 8  M i  - D 2 c Carpodetus arboreus ( K .  Sch . - - 1 - 1 4 5 9 * 1 4  18  2 0  
& Laut . )  Schltr 
No - E 3 D Daphniphyl lum g racile Gage - - 3 - * Widespr ead 
2 2 6 1  - Na - E 2 B Syzygium s p .  - - 1 -
2 2 55 - No - E 1 B Fagraea salticola Leenh . - - 1 - 4 8 9 * 1 5  1 7  
2 2 7 6  - Ma - D 3 D Harmsiopanax ingens - - 3 - 1 3 4 9 10  1 8  20  
Phi l ip . s sp .  ingens 
2 89 5 4 5 5 0  N o  - D 1 B He licia coerule opurpurea - - 3 - 9 * 1 1  
van Royen 
3 3 4  5 4 6 3 6  Mi - E 3 c Homalanthus nervosus - - 2 - * w .  Irian to Wau at leas t 
J . J . Sm .  
3 5 6  5 4 6 7 4  M e  (+)  W 3 c Macaranga me lano s t i c t a  - - 2 - 9 Po s s ibly e l s ewhe re 
Airy Shaw 
3 60 5 4 6 8 5  M i  - w 3 D Maesa b i smarckiana Me z - - 2 - 7 9 
2 3 1 1  - Me - E 2 B Med inilla s p .  - - 1 - * * 
5 4 6 7 9  N o  - E 2 I Mel icope mucrona ta  - - 1 - * W .  Ir ian to Ka indi at least 
Merr . & Perry 
3 5 4 6 7 0  M i  - D 1 p Olearia s p .  ? nov . 
2 9 9  5 4 5 6 4  Mi + E 2 c Pit tosporum - - 2 - 8 9 10  1 2  1 8  1 9  20  
berberidoides Burk . 
343 5 4 6 4 8  M i  - E 1 D Psychotria s p .  - - 2 - * 
2 2 5 2  - Mi - E 2 s Quintinia s p .  - - 1 
2 2 9 3  - Mi - E 3 D Rapanea s p .  - - 2 - * 
2 HP 5 6 2 9  M i  - E 5 s Rhododend ron - - 1 - 1 2 3 4 5 6 7 8 9 10 1 1  1 2  1 4  1 6  1 7  1 8  1 9  2 0  
beyer inckianum Koo rd . 
No - E 4 s R .  pleianthum Sleum . - - 2 - 2 3 4 5 7 9 1 0  1 2  
2 2 9 1  HP 5 5 2 2  N o  - D 2 B Saurauia a l t i terra van - - 3 - 2 3 4 5 9 * 
Ro yen 
2 2 9 0  - No - D 2 D Schizomeria sp . - - 1 - * 
3 0 2  5 4 5 6 7  Na + D 3 B Sericolea d ecandra - - 3 - * w .  Ir ian eas twa rds 
A . C .  Sm . 
Mi (+)  D 3 B S .  gaul theria Schltr - - 2 - * 
3 5 1  5 4 6 6 4  Mi - D 3 d St eganthera i l i c i fo l i a  - - 2 - * 
A . c .  Sm . 
353  54666  Mi (+)  E 2 D Symplocos cochinchinene s i s  - - 1 - 3 4 6 9 10  1 6  18  
( Lour . )  Noo t . ssp . 
lep tophyl la ( Brand . )  
Noot . var . ova ta Noo t . 
5 4 6 5 1  N a  - E 1 B Vaccinium cruentum Sleum . - - 2 - 4 5 9 * 
1 33 
These resemblance s  are also borne out in the herb laye r ;  i n  bo th 
areas Gleichenia bolanica and Unc inia spp . are the mo s t  abundant 
specie s . Al so Breutelia wa s the mos t  abundant ground mo s s  while 
Cl adomyza angus t i fo li� and Ru bus lorentz ianus were maj or 
climbing / scrambling species ( the latter c la s s i f ied as a shrub by Wade & 
McVean) . We did no t no tice  a Glomera s p . ( Or chidaceae ) as being 
par ticularly obvious as a ground-dwe ll ing and epiphytic  s pecies in our 
fores t .  The remaining relatively numerous vascular species recorded in 
all life-forms by Wade & McVean al l had a low cons tancy ( I- I I )  and many 
o f  them were recorded by us from lower al t i tude s i t e s  ( 8 / 1 4 trees and 
shrub s , 1 / 9  ferns , 2 / 7  g rass e s , 1 / 5 o ther monoco t s  and 6 / 1 3  dicot herbs ) .  
When cons idering the d i f ferences  between the two areas , i t  must  be 
remembered that the Subalpine forest  on Mt Ke rigomna covers a much 
smaller area than tha t on Mt Wilhelm wi th l e s s  d ivers ity of slope and 
expo sure and having a smaller a l t i tud inal range . 
In our Transi t ion Fo res t , 22  o f  our 2 7  trees and shrubs  are recorded 
by Wade & McVean in their ' Lower Subalpine Fo rest ' .  Al l of the five 
mi s sing spe cies  ( Coprosma d i s c lori s ,  Psycho tria aundens i s , Rapanea 
nummularia , Senecio gandin and � kadambren) cer tainly o ccur on Wilhelm;  
Coprosma discoloris  has  un til recently been included in c . papuens is . 
Of our ' frequent ' speci e s , Wade & McVean recorded 7 / 8  and found 4 / 8  to  
have a high cons tancy . We r ecorded all their highly cons tant s pecies but 
found only two ( Dacrycarpus compac tus and Rapanea papuana ) (.!..:. cf . 
vac cinio id e s )  to be frequent . Cons id er ing plants  i n  a l l  li fe-forms ,  Wade 
& McVean ( 1 969 , p . 43 ) l i s t  f ive species having high f idelity ( highly 
exc lus ive and highly cons tant ) . None of the se behaves as fai thful on Mt 
Kerigomna and only Amaracarpus caeruleus (�_. monti s-wi�helmi van Royen) 
approaches tha t cond i t ion . The o ther s  are all wide spread , two from the 
TABLE 3 . 3 THE DISTRIBUTIONS AND FREQUENCIES OF ( a )  HERBS AND SUBSHRUBS , AND ( b ) CLIMBERS AND SCRAMBLERS IN THE SUBALPINE , TRANSITION 
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Subalpine Only 
5 4 5 9 1  1 p Anaphal i s  mar i ae F .  v . M .  forma l f  - - - 1 4 5 6 7 9 1 1  14  18  
alba Kos ter 
3 06 5 4 5 7 1  7 0 Gleichenia bolanica Ro sens t .  f - - - 4 6 7 9 1 2  1 4  1 5  1 6  1 7  1 8  
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7 0 ? Blechnum/Plagiogyr i a  s p .  r - 1 
(
2 9 6 , 5 4 5 6 1  7 0 Lycopodium pul l e i  v . A . v . R .  l f  - 2 (+)  
2260  
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Riedelia s p .  - - 1 
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(Warb . )  Johnston 
( b )  CLIMBERS AND S CRAMBLERS 
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S t auf f .  
Rubus lorentz i anus Pulle 0 f 3 - 1 
Amyema dilatipe s  Barlow r - - -
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Trans i t ion and Main As sociat ion .£!. Upper Montane ( -Lower Montane ) 
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9 
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Linge l s . 
Rubus archboldianus - 0 3 - 1 
Mer r .  & Perry 
R .  ferdinandi-mueller i - r 3 - 1 
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Ro yen 
R .  papuanu s  Schltr - 0 3 0 
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1 2  14  
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Dimorphanthera denticulifera - - 0 - w .  Highlands to Morobe Di s t r ic t ,  usually a t  lowe r a l t i t udes  
Sleum.  var . dent i cul i fera 
Hi stiopteris  inc isa  - - 1 ( o )  
( Thunb . )  J .  Sm . 
Palmeria arfakiana Bec c . - - 1 - Widespread , mos tly a t  lower a l t i tude s  
P i per  t rombek van Royen. - - 1 0 1 3 4 5 7 9 1 2  
Rubus diclini s F .  v .M .  - - 1 r 1 4 6 9 14  1 5  
1 8  1 9  2 0  2 1  
1 8  2 0  2 1  
1 8  2 0  
1 9  
20  
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true Subalpine t o  the Upper Montane ( Rubus lorent z i anus and 
Dimorphanthera keysseri�  and two in the Upper Montane ( Pi t t o spo rum 
pulli fo lium and Pter i s  s p . 285 , ? = ANU 7 8 7 7 ) . Wade & McVean ' s  name 
' Amaracarpus cae ruleus - Pi t to s po rum pullifo lium Pter i s  association ' 
would not be very appropriate on Mt Kerigomna . There was some l ikene s s  
i n  the herb layer between the two areas , Oxal i s  magellanica , Trigono t i s  
s p .  f s pp . ? ) and Uncinia spp . all being common , but we did not record 
Gleichenia bolanica in the Trans i t ion Fores t  ( cons tancy c la s s  I I I  on Mt 
Wi lhelm) . 
Our Upper Montane Rain fores t ( Main As s ociation )  i s  c er tainly very 
like the Cloud For e s t  of  Wade & McVean . Of 69  trees and shrubs they 
probably recorded 42 . Of tho s e  no t recorded by them in Cloud Fores t two 
were recorded in their ' Lower Subalpine ' ( Pi t tospo rum pullifolium ,  
Schef flera s imbuens i s )  and s ome have already been no ted _ a s  apparently 
qui te  abs ent from their  record s :  Coprosma d i s c loris , Rapanea nummularia 
Senecio gandin and s .  
taxonomic diff icul ties  
kadambren . Several o thers are involved in 
the Dacrycarpus and Podocarpus ment ioned 
ear li er , their Amaracarpus bra s i i  and our A .  subalpinu s , their  Drimys 
nr . bra s s i i  and our Drimys piperita enti ty ' polymera ' and f inal ly their 
Xanthomyrtus diels iana (!.:_ ?papuana Mer r . & Perry) , and our Syzygium s p .  
2 26 1 .  Certain very d i s t inct ive s pecies  no t recorded by them o ccur on Mt 
Wilhelm ( Johns & Stevens 1 9 7 1 ) : Fagraea sal t i cola f rare on Mt Ker igomna 
and perhaps a species of LMRF as much as UMRF though not s een by us in 
the Fat ima basin) , Li t sea exsudens , Macaranga melanos ticta , Melicope 
mucronata , Prunus grisea and S chuurmans ia henning s i i . Others almo s t  
certainly occur ther e , e . g .  S teganthera ilicifoli a .  The recorded 
1 3 7  
differences between t h e  two areas i n  Elaeo carpus are perhaps the mos t  
surpri s ing . We found at  l ea s t  two species* (!_: s ayeri and 
E .  trichophyllus , bo th common in LMRF also�  but we never saw 
E .  azaleifo lius , the di s t inct ively Upper Montane species recorded in 
constancy cla s s  V by Wade & McVean . Hence , aga in , the name adop ted by 
them for the association , ' Amaracarpus bra s s i i  - Elaeo carpus azaieifo lius 
- Podocarpus pilgeri ' ,  is no t sui table for Mt Ke rigomna though the 
for e s t s  a r e  flor i s t i cal ly very s imi lar . Apart from the apparent 
non-o ccurrence of the E laeo carpus and the confus ion over the species of 
Dacrycarpus and Podocarpus , all their  highly cons tant species are widely 
dis t ributed in the UMRF of  Mt Kerigomna and all of the mos t  frequent 
species on Mt Kerigomna are found on Mt Wi lhelm . 
Other f ea tures in commo n be tween the two areas are the variety of 
Zingiberaceae in the herb layer , the abundance of Hymenophyllum . cernuum 
on the ground and the pauc i ty of  d icot herbs . Our f ragmentary records 
show that the ep iphytic vascular f lora on Mt Kerigomna is as l ike that of 
Mt Wilhelm as the tree f lora ( Table 3 . 4 ) . At lea s t  in some cases , the 
same f or very clos ely r elated) s pecies  are par ticularly prominent in the 
corres ponding fore s t -types ,  e . g .  Pro sapt ia davalliacea in the Upper 
Montane . Al so there wer e  certainly more orchid species in the UMRF ( Main 
As s ociat ion) than in the Trans i t ion Fore s t  on both mountains . 
* E .  polydactylus has a l s o  been rec orded ( HP 5 57 5 ) ; 
also found in LMRF . 
thi s i s  l ikewi se 
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TABLE 3 .4 VASCULAR EP IPHYTES RECORDED I N  SUBALPINE , TRANSITION AND UPPER MONTANE FORESTS 
ON MT WILHELM BY WADE & McVEAN ( 1969 )  TOGETHER WITH LES S  DETAILED RECORDS FOR MT 
KERIGOMNA . Cons tancy c l a s s e s  for Mt Wilhelm ( MW) are g raded . Frequency r a t ings for Mt 
Ker i gomna as in Table 3 . 2 .  
Lycop s i d a  
Lyco podium 
L .  macgregor i i  Bak . 
L .  squarrosum Fors t . var . 
F i l i co p s id a  
As plenium 
A .  s p . s . n .  
As plenium nut ans Ro sen . 
Be lvi s i a  
B .  s p .  ANU 7010  
Belvi s i a  revoluta ( Bl . )  Cope l 
Blechnum 
B .  ? acu t i usculum ( v . A . v . R . )  
c . Chr . ( 2263 ) 
Calymmodon 
C .  a ff .  cucul latum ( Ne e s  & Bl . )  
Subalpine 
Fo res t 
MW K 
I 
I 
Tran s i t ion 
Fores t 
MW K 
r 
I 
I I  
r 
Presl r 
C .  hygro s c op icus Cope l . I 
C tenop t e r i s  
c .  obli quata ( Bl . )  Cope l . 
C .  s p . ANU 7 090 
c .  sp . 2 1 5 5  
c .  s p . 2239 
c .  sp . 2241  
E laphoglos s um 
E .  s p . a ff . angulatum ( Bl . )  Moore 
Grammi t i s  
G .  a r chbo l d i i  ( C . Chr . ) Copel . ANU 
G .  scabr i s t i pe s ( Bak . )  Cope l . 7535  
G .  frigida ( Ri d l e y )  Copel I 
( ANU 7410 )  
G .  loce l l a t a  ( Bak . ) Copel . I 
( ' G .  s toma tocarpa ' )  
G .  mol l i p i l a  ( Bak . )  Copel . I I  
( ' G .  o rna t i s s ima ' ) 
G .  s t anleyana ( Bak . ) Cope l . I 
G .  s p .  ' c f .  c ernuum ' I I  
Hymenophyllum 
H. cernuum Gepp . 
H .  foers t e r i  Ros en s t .  V 
H .  o o i d e s  F .  v .M .  & Baker 
Loxogrannne 
L .  s p .  ANU 7085 
L .  s p . nov . a f f . subs e l l iguea 
( Bak . ) Als ton 
?Microsor ium 
? M .  s p .  1 64 
Pro saptia 
P .  dava l l i acea ( F .  v . M .  & 
Bake r ) Copel . 
II 
II 
0 I I  
IV 
I I I  
r 
r 
r 
0 
0 
r 
f 
Montane For e s t  
MW 
I 
II I 
I I  
I I  
I 
I I  
IV 
I I I  
v 
K 
1 
2 
l* 
1 
1 
2 
1 
1 
1 . 
1 
1 
3 
1 
1 
3 
1 
3 
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Table 3 . 4 contd .  
Subalpine Trans i t ion Upper 
Fore s t  Fore s t  Montane Forest 
---
MW K MW K MW K 
Selliguea 
s .  sp . 7 403 I I 
s .  sp . 7456  I I I 
s .  cra s s i sora ( C .  Chr . )  r 1 
Copel . 
Orchidaceae None 3 spp . At lea s t  
noted noted 9 spp . 
Bulbophyl lum + 
B .  sp . ANU 7 182  I 
B .  sp . ANU 7 22 5  I I 
B .  s p .  ANU 7 55 3  I 
B .  sp . ANU 7625  I 
B .  s p .  sn . I 
Ceratostylis ++ 
C .  sp . ANU 7 36 7  I 
C .  s p .  ANU 7 454 I III  
Chi tonanthera ++ 
C .  sp . ANU 7344 I I I  
c .  sp . ANU 7 560 I 
Cory bas 
c .  aundens is van Roy en I 
Dendrobium ++ 
D .  s p .  ANU 7 782  I 
Epiblastus + 
Glomera 
G .  sp . ANU 7086  IV IV I 
Ker igomnia 
K .  bilabrata van Ro yen 1 
Micratotorchis 
M .  long i s s ima Mansf . I 
Oc tarrhena 
O .  sp . ANU 7 124  I 
Phrea tia + 
P .  s p .  ANU 7 12 8  I 
Pteros tyl i s  + 
Ericaceae 
Rhododendron 
R. hooglandii Sleum .  1 
R .  rarum Sleum . I 
Loranthaceae 
Amyema 
A .  dilat ipes Barlow** r r 2 
A .  wichmannii ( Kraus e )  
Danser ssp . purum 
Barlow*** 
( ' A .  cf . cornicula ta ' ) I 
* Hoogland & Pullen also collect ed B .  novoguineensi s  ( Ro s en . )  Copel . 
** This s pecies has been collected from 3370  m to 3620 m on Mt Wilhe lm 
( P . F . S . )  
***  Collected a t  c .  3050 m on Mt Kerigomna by Hoogland and Pullen ( HP 5 580) 
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In summary , the fores t s  of the Upper Montane and Subalpine zones on 
Mt Ker igomna and on Mt Wilhelm are very s imilar and could certainly be 
included in the same a ssociations , provided these were defined on a 
reasonably broad basis . 
( c) Comparison with Mt O t to 
The mountain neares t t o  Mt Wilhelm and Kerigomna for which we have 
any de tailed knowledge i s  Mt Otto  ( 3540 m) . One of us f P . J . G . )  a scended 
with R . A .  Hynes as far as c .  3 15 0  m ( well into the Upper Montane fore s t )  
by the usual route from the southwe s t , pas t the o l d  s awmil l  of Mes sr s  
Collins on 18-19  July 1 9 7 1 and recorded sys tematically t h e  species 
identif ied by eye at a t ime when these had become fami liar as  a result of 
the work on Mt Kerigomna and a brief vis i t  to  Mt Wilhelm . 
Lower Montane Rain forest very l ike that in the Fa tima bas in was 
found up to c .  2640  m .  From that height to _£ •  2 7 3 0  m there was a 
rather sharply defined stretch of fores t  dominat ed by No thofagus pullei 
Steen . , wi th huge s traight trunks and the top of the canopy _£ •  3 5  m 
high . Thi s i s  clearly t he s tretch ref erred to  by Brass ( 1 9 64 ) at 8 6 5 0  to 
) 8 800 f t  ( 2 640 to ) 2 6 8 0  m) . From c .  2 7 3 0  m upward the fores t was only 
8-1 2  ( -1 8 )  m tal l and phys iognomi cal ly Upper Montane . The uppe r limi t of 
this fore s t  was not reached but appeared to lie a t  c .  3 300 m . Brass 
( 1 9 64)  r ecords ' Subalpine ' f ores t from _£ •  3350 m but it  may be that thi s 
i s  our Trans i tion fores t and tha t  ther e is  very little  true Subalpine on 
this mountain . There  i s  extens ive grassland on the summi t and that area 
has clearly long been di s turbed by hunting parties . There i s  now a radio 
t ransmit ter near the summi t . Many of the slopes in the Upper Montane and 
Subalpine zones are very s teep and there are ext ens ive landslips wi th 
s eral vegeta tion . It  appeared that Upper Montane species went much 
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higher in the gullies than on the very s te ep faces , where low growths , 
probably including Subalpine species , came to their lowes t  limi t . 
Dac rycarpus compac tus appeared to be an emergent to the limi t of fores t 
cover , being par ticularly prominent on ridge s : this has been observed 
elsewhere f e . g . on Mt Strong and Mt Suckling ) , and i s  po s s ibly a general 
phenomenon . 
The Upper Montane fore s t  above c .  2 900 m was f lor i s tically 
extremely s imilar to tha t  on Mt Kerigomna and Mt Wilhelm . As shown in 
Table 3 . 2 ,  fi fty-five out of s eventy-two s pecies f 7 6%)  o f  trees and 
shrub s seen in the Upper Montane format ion on Mt Kerigomna were found on 
Mt Ot to ( or ,  in a f ew cases , had been collected by o thers ) .  Almo s t  
cer tainly this proportion would have been increased with more prolonged 
s tudy . The only s pecies in the UMRF at c .  3050-3 1 5 0  m on Mt Otto and 
not on Mt Kerigomna were Caldcluvia rufa ( 2 2 9 7 , present in LMRF in Fatima 
ba sin) and He licia microphylla ( 2302 ,  present on margin of  LMRF in Fat ima 
bas in) , Eurya " bras s i i " ( apparently a small-leaved form of E .  t igang) , 
Elaeocarpus crenula tus Knuth ( generally Uppe r Montane wi th a known 
alti tudinal range of 2 7 5 0-3500 m , M . J . E . Coode , pers . comm . ) ,  Olearia 
lepidota Mattf . var . opaca Ko ster , and species of Eurya ( 2300) , 
Macaranga ( 2 2 9 5 ) , Rapanea ( 2304)  and Senecio ( 2 2 9 9 ) . However , some other 
species previously collected from Mt Otto below 3 1 50 m were no t no ticed , 
e . g .  Pi ttospo rum inopina tum Bakker ( cf .  Bakker 1 95 8 ) . 
The mos t  interest ing di scovery on Mt Otto was the presence in the 
No thofagus -domina ted fores t at  2 640-2 730 m and in the physiognomically 
Upper Montane fore s t  a t  2 7 3 0-2 900 m o f  a mixtur e of ' Lower Montane-only ' 
TABLE 3 . 5  THE SPECIES PRE SENT I N  ( a )  NOTHOFAGUS-DOMINATED TRANSITION FOREST AT 2 640-2 730 m AND ( b )  UPPER MONTANE FOREST AT 2 7 30-2 900 m 
ON THE NORTH-WEST RIDGE OF MT OTTO , CLASSIFIED ACCORDING TO THEIR DISTRIBUTIONS ON MT KERIGOMNA AND MT WILHELM 
Lower Montane only 
Acronychia ledermanii 
Ascar ina philippinens is 
( large leaf)  
Astronia sp . 
Breynia cf . cernua 
Caldcluvia ruf a 
?Kibara s p .  ( 243 ) 
L i t sea sp . 2 1 7 1  
Meliosma s p .  249 
Sericolea micans 
Sloanea pulleniana 
( a )  
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Syzygium ?homichlophilum (2 71 )  + 
We inmannia trichophora + 
Zant hoxylum conspersi- + 
punctatum 
Phyllanthus choris tylus 
Piper sp . 2041 + 
Pouzol zia  sp . 2 1 70 + 
Procris  sp . 186 
Rapanea sp . 263 + 
Saurauia sp . 3 7 6  + 
?Xanthomyr tus sp . 2285  + 
( b )  
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Upper Montane only 
Trees 
Ac ronychia s p .  2 2 7 5  
Ascar ina phil ippinensis 
( smal l  leaf)  
Cya thea percrassa 
Fagraea salticola 
Harms iopanax ingens 
Helicia coeruleopurpurea 
Homalanthus nervosus 
Melicope mucrona ta 
Melicope sp . 359  
Olear ia spectabilis 
P i t tospo rum berberidoides 
Podocarpus ? pilgeri 
Quint inia s p .  
Saurauia al t i terra 
Sche f f l era ? s imbuensis 
Schizomeria sp . 2290  
Sericolea gaul theria 
Symplocos cochinchinensi s  
s p .  l ep tophylla var . 
monticola 
Symplocos cochinchinensis  
ssp .  leptophylla var . 
ova ta 
Shrub s  
Amaracarpus subalpinus 
A .  clemensae 
Psychotria aundensis 
Psychotria sp.  343 
Rapanea sp.  2293 
Rhododendron beyerinckianum 
St eganthera ilicifolia 
( a )  ( b )  
+ + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ + 
+ + 
+ 
+ + 
+ + 
+ + 
+ + 
+ + 
+ 
+ + 
+ 
+ 
+ 
+ + 
+ 
+ 
+ 
Lower and Upper Montane 
Dacrycarpus c inctus 
Decaspermum forbesii  
Dr imys piperita 
ent ity po lymera 
Elaeocarpus sayeri 
E.  trichophyl lus 
Euodiella hooglandii  
Eurya t igang 
Lit sea exsudens 
P i t tosporum ramiflorum 
Prunus g r i sea 
P.  pul lei 
Schuurmansia henningsii 
Streblus urophyl lus 
Rapanea c f . vaccinioides s . l .  
Timonius belens i s  
( a )  ( b )  
+ + 
+ + 
+ + 
+ + 
+ + 
+ 
+ + 
+ + 
+ 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
-
� 
N 
Table 3 . 5  contd . 
Herbs 
Alpinia sp . 380 + + Gleichenia bolanica + Elatostema morobens e + 
Coleus scutel lar ioide s + Parahebe albi flora + 
Cyclosorus s p . 2 50 + Pilea sp . 2 80 + 
Cyrtandra s p .  2 7  + + Si syr inchium pulchellum + 
Dryopteris  sp . 366  + Trigono t i s  ? inoblita + 
Mara t t i a  sp . 2 7 0  + 
P ilea effusa + 
Pteris  sp . 2 20 + 
Cl imbers and Scramblers 
Ae schynanths cf . + + Dimorphanthera , collins i i  + + Hi stiopter i s  inc isa + + 
leptoclados Palmeria arf akiana + P i per trombek + 
Alyxia sp . 2 2 3 0  + + Rubus archboldianus + Rubus papuanus + 
Freycinetia  sp . 1 14 + 
Nas tus produc tus + + 
Palmeria womersleyi + + 
Parsonsia ? bra s s i i  + + 
Rubus tsiri  + 
Vi taceae ( 2 07 8 ) . + + 
Epiphytes  
Antrophyum ledermanni + + Amyema wichmannii + Hymenophyllum foersteri + + 
Asplenium nutans + 
Dimorphanthera robbinsi i  + 
Ctenopteris  obl iquata + 
Goniophlebium sp . 163  + 
Humata del t o idea + 
Lindsaea pulchella + 
Lycopodium phlegmaria + 
Prosaptia contigua + 
Selliguea s p .  + + 
( P leope l t i s  creti fera) 
-
""' w 
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and ' Upper Montane-only ' species , as the s e  are rated in terms of the ir 
behaviour on Mt Kerigomna and Mt Wilhelm . The details are given in Table 
3 . 5 .  The only tree species not recorded on Mt Kerigomna but s een at 
2640-2900 m on Mt Otto was a species of Senec io f 2 299 , no tophyl l ) ; 
Xanthomyrtus papuana ( rare on Mt Kerigomna ) was also locally common . The 
scrambler , Lycopodium vo lubile For s t . ,  wa s seen bo th at 2640- 2 7 3 0  m and 
at 2 7 3 0-2950  m . There wer e  als o  a very few unfami liar ep iphytes , for 
examp le , C tenop teris yode ri ( Copel . )  Copel . There was a preponderance of 
Upper Montane-only and Lower Montane-plus-Upper Montane species among the 
trees both at 2640-2 730  m and at 2 7 3 0-2950  m but these two floris tic 
element s were more evenly balanced agains t the species conf ined to  the 
Lower Montane-only among the shrub s , herbs and climbers -cum-s cramblers . 
The li s t s  of  epiphytes  are , o f  course , very incomplete . 
The fore s t  at  2 7 3 0-2 900 m seems to be a good example  o f  the 
floris tic melange effect  a s  it is  c learly ass ignable to the Upper Montane 
Rain forest format ion on account of i t s  height , i t s  lack of even small 
buttresses  and its predominance of microphylls among the trees and shrub s 
< Table 3 . 6 ) .  
The No thof agus -dominat ed fore s t  is  difficul t to clas s ify but we 
treat i t  as a Tran s i t ion fore s t  between Lower Montane and Upper Montane . 
I t  has the s tature of Lower Montane forest  and small but tresses  on the 
dominant trees , but there are very f ew woody c limbers and there is an 
even balance be tween microphylls and no tophylls among the trees and 
shrubs ( Table 3 . 6) .  Nothofagus pul lei is i t s elf a microphyll . There is 
a large r repr esentat ion of ' Lower Montane-only ' species than in the 
fore s t  at 2 7 3 0-2900 m ( Table 3 . 5 ) .  
TABLE 3 . 6  THE NUMBERS OF SPECIES OF TREES AND SHRUBS IN 
NOTHOFAGUS -DOMI NATED TRANSITION FOREST ( 2 640-2 7 3 0  m) 
AND UPPER MONTANE FOREST ( 2 730-2900 m) ON MT OTTO WITH 
MATURE LEAVES IN THE VARIOUS S IZE-CLAS SES OF WEBB f l 9 5 9 )  
No thogus- Upper 
dominated Montane 
Transit ion fore s t  
fore s t  
Leptophylls 2 2 
Nanophylls . 4 2 
Microphylls 21 26 
No tophylls 16  13  
Me sophylls 2 2 
Macrophylls 1 0 
Megaphylls 0 0 
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In mos t  general s chemes , e . g .  tho s e  of Robbins & Pullen ( 1 9 6 5 )  or 
Robbins ( 1 970 ) , No thofagus -domina ted fore s t s  are all a s s igned to the-
Lower Montane format ion , but i t  seems likely that many of the stands 
above c .  2 7 00 m are actua lly Trans i t ion fores t s . Only three No thofagus 
spe cies are found above 2 7 00 m ( N .  bras s i i  Steen . , N .  p s eudores inosa 
Steen . , and N .  pullei Steen . ) and of  the se only !..:_ pseudoresino sa 
occur s above 3000 m ( Soepadmo 1 9 7 2 ) . The latter spe cies reaches 3 1 00 m 
in the Snow Mountains ( Bras s 1 9 4 1 ) and i t  seems s ensible to include the 
fores ts dominated by i t  at 2800-3 100 m in the Upper Montane formation 
despite the great height of the dominant specie s ; cer tainly t he ove ral l  
f lo r i s tics a r e  Upper Montane . The s ame kind of problem applies  to the 
Lower Montane fores ts  wi th Araucaria cunninghamii D .  Don and A .  
hunsteinii K .  Sch . a s  emergent s reaching 7 0  m ( cf .  Gray 1 9 7 5 )  and in 
tho s e  rare examp le s of Upper Mon tane fores t s  containing !:..._ cunninghami i 
60  m tal l f s ee later) . 
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The resul t s  pr esented sugge s t  that a fairly uniform series of 
f o re s t s  i s  probably to  be found on the southern s ide of the Bismark Range 
from Mt Herbert to Mt Otto . 
f d )  Comparison with o ther par t s  of  New Guinea and nearby i s l ands 
In making compari sons wi th o ther areas i t  is  imp o s s ible to rely 
exc lus ively on featur e s  of s t ruc tur e  and physiognomy , because so lit tle 
precise detail i s  recorded . In mos t  papers we f ind only an indication of 
the height of the canopy , comments on but tresses  and epiphytes and li sts  
of genera or species  for di ff erent l ife-forms . In the f o llowing account 
mos t  emphasis  is  placed on the d i s t r ibut ions of key species , genera and 
fami lies found to be useful ind i cators in our own s tudy area , where 
fores t-types 
grounds . 
were f i r s t  recognized on s truc tural and phys iognomi c 
( i ) Main ' s pine ' o f  New Guinea south and wes t of the Bi smark Range 
Kubor Range to the Sugar loaf . The available accounts of  the neare s t  
ma jor ranges ( Mt Hagen and M t  Giluwe t o  the s . w . , the Kubor Range t o  the 
S . ) sugge st  that the fores t s  on them are all  fairly s imilar to tho se on 
the Bi smark Range ( Robbins & Pullen 1 96 5 , Powell 1 97 0 , Robbins 1 9 7 0b) . 
There are many s pecies in common with our s tudy area in the Upper Montane 
and Subalpine Zone s ( Tables  3 . 2  & 3 . 3 ) . Writing of the Wabag-Tari area , 
whi ch includes Mt Giluwe ( 4 1 00 m) and The Sugar loaf f c . 3 5 00 m) , Robbins 
& Pullen f l 965)  record the lower limit of ' Montane Rain Fores t '  at 1 0000 
ft ( 3050 m) ; this is almo s t  certainly UMRF in our sys tem ,  having a 
canopy at 9-12  m ,  and charact er i s tically lacking Pandanus and bamboo . 
They g ive no details o f  the Subalpine Zone but mention an ' alpine 
shrubbery ' 15 ft ( 4 . 5  m) tall  at the upper limi t of fore s t  growth and 
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mo s tly wi th the same genera as in our true Subalpine Rain fores t p lus 
Amaracarpus and Sche f f l era , which are prominent in our Trans i t ion fore s t . 
Papuacedrus i s  an emergent in the lower par t of thi s zone but no mention 
is  made of Dacrycarpus or  Podocarpus . Fore s t  very s imilar to our 
Trans it ion fore s t  has been s een at c .  3 4 1 5  m o n  Mt Gi luwe ( P . F . S . )  but 
the recognit ion of a true Subalpine Zone is  made d i f f icu l t  by the very 
great burning of  the Alpine and Subalpine gras slands . 
Mt Ial ibu ( c . 3350  m) , an extinct volcano ad jacent to  Mt Gi luwe , 
has been vi s i t ed by P . F . S .  The sharp , curving summi t ridge i s  partly 
occupied by gras sland f s emi-na tural , judging by i ts species compo s i t ion) , 
partly by fores t up to 5 m tal l .  Thi s  fore s t  cons i s t s  of Coprosma , 
Dimor phanthera keys seri , Dip lycos ia rupi cola , Drimys piperita ent i ty 
' montis-wilhelmi ' ,  Eurya , Olearia r 2  spp . ) , Pit tos po rum pullifo lium and 
Rhododendron beyer inckianum with para s i t i c  Amyema and Cladomyza .  Just  
off  the  ridge the  fore s t  bec ome s taller , wi th Daphniphyllum , E laeocarpus 
polydactylus and Sche f f lera . The ridge fore s t  probably represents a true 
Subalpine fore s t , modif ied by the sharpne s s  of the ridge ; it immediately 
gives way to Trans i t ion f ores t on the slopes . On descending the s t eep 
s ides  of  the mountain fur ther , one rapid ly encounters fore s t  richer in 
species , wi th Acronychia , Dimorphanthera alpina f a  liane) , Dr imys 
piperita ent i ty ' heterome ra ' ,  Rubus , Saurauia , Symp locos , etc . , and thi s 
i s  equivalent to our Main As sociat ion in the Upper Montane Formation on 
Mt Kerigomna . 
On the north-eas t e rn and eas tern slopes o f  Mt Hagen ( 4000 m) Powell 
1 9 7 0b)  found ' Mixed fores t '  at 2 58 5-3345 m and No tho fagus-domina ted 
s tands at  2 1 3 0-2 745  m. Above 1 0000 ft ( 3 050 m)  the ' Mixed fores t ' had a 
more even canopy , only one s pecies of  Lauraceae ( Cryptocarya 
?minutifolia)  and no Nas tus or Pandanu s and could almo s t  certainly be 
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a s s igned to our UMRF forma t ion .  Powell repo rted ' Subalp ine fores t '  above 
3345  m but thi s may we l l  have inc luded the equivalent of our Tran s i t ion 
fore s t  as we ll as  the true Subalpine . 
The Kubor Range f 4 2 6 7  m) i s  interes ting because the Upper Montane 
Rain fore s t  i s  of d i s t inc t ly greater ext ent , s tarting at 2 7 0 0-2 800 m , no t 
3050 m ( Robbins 1 9 7 0 , R .  Pullen pers .  comm . ) .  I t s  upper limi t there 
has no t been crit ically s tudi ed and in any thing o ther than a detailed 
survey the Trans i t ional fore s t  might eas ily be included in the Subalpine . 
However , the latter z one i s  repo rted by R .  Pullen f pers . comm . ) to 
s tart at c .  3530  m whi ch would in fact f i t  well  with Mt Wilhelm and Mt 
Kerigomna . 
Doma Peaks . The next maj or range we s t  from Mt Gi luwe and the Sugarloaf 
is made up of the volcanic Doma Peaks ( Mt Ambua , 3 5 6 7  m, and Mt Kerewa , 
3 5 5 5  m) . An account of the vege tation on them i s  given by Kalkman & Vink 
' 1 9 7 0 ) . The fore s t  around the mountains up to 2 800 m a t lea s t  i s  said to  
be Lower Montane in the scheme of Robbins & Pullen f l 96 5 )  but tha t from 
2900 m to 336 5 m i s  flor i s t ically very clearly allied to  our Upper 
Montane . There is a good deal of var iation f rom s lope to  slope , in par t  
certainly related t o  pas t d i s tur bance b y  cut ting and burning . The ma jor 
genera of abundant trees in common wi th Mt Wilhelm and Mt Ke rigomna are 
Dacrycarpus , Papuacedru s , Elaeocarpus , Sericolea and Quint inia and tho s e  
wi th les s frequent individuals are Bubbi a ,  Daphniphyllum , Dr imy s , Eurya , 
Macaranga , Pi ttospo rum ,  Rap anea , Saurauia , Schuurmansia , Sphenos temon , and 
Timonius . The only s tr iking f lo r i s t i c  d i f ferences  are the abundance of  
Weinmannia , Syzygium adelphicum Diels and s .  vac cinioid e s  Mer r . & Perry 
( =  � alatum Diels ) . Weinmannia has not been recorded on Mt Keri gomna 
but i t s  equivalent at the family level i s  Schizomeria . We did not 
collect Syzygium ade lphicum on Mt Ker igomna though Hoogland and Pullen 
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did f HP 5604) . On Mt Wi lhelm s .  adelphicum i s  recorded and S .  ala tum 
i s  in cons tancy c la s s  III  in the ' Cloud Fores t '  (Wade & McVean 1 9 6 9 ) . 
The really s t riking agreement between the two areas i s  the abs ence in 
what we cal l Upper Montane Rain fore s t  of the great var i e ty of Lauraceae , 
Monimiaceae and Syzyg ium spp . and of the array of  species represent ing 
Alangi aceae , Apo cynaceae , Celas traceae , Corynocarpaceae , Flacourtiaceae , 
Flinders iaceae , Himantandraceae , Me liaceae , Moraceae , Rhamnaceae , 
Sabiaceae , Sapindaceae , Sapotaceae , and Staphyleaceae charac teristic  of 
Lower Montane fore s t . The general lack o f  Pandanu s  and bamboo ( the 
la t ter is found on Mt Ne only) also ag rees wel l  wi th our obs erva tions and 
those  of Robbins & Pullen f l 9 6 5 ) . Two notable genera found well up into 
the Upper Montane on the Doma Peaks bu t abs ent or  uncommon in tha t  zone 
in the Bi smarks and Kubors are Di cks onia and Ilex ( I .  havi land i i  Loes . ) ; 
the lat ter does reach 3200 m on Mt Wilhelm and o ccurs in the UMRF o f  the 
Kubors . 
The combined species lis t for the low fore s t  and scrub on the Doma 
Peaks over 3365  m c los ely resembles that  for the true Subalpine Ra in 
fores t in the Bi smarcks f Copro sma , 3 Dimorphanthera s pp , Dr imys piperta 
ent i ty ' mont is-wilhelmi ' ,  Eurya s p . ,  2 Olearia s pp . ,  Pi t tospo rum 
pulli fo lium , 2 Rapanea s pp . , 5 Rhododendron spp . ,  S typhelia suaveolens , 
2 Trochocarpa spp . , 3 Vacc inium s pp . ) . The mo s t  remarkable difference i s  
the lack of  conifers . Certain o ther plant s ment ioned as occurring ove r 
3365  m sugge s t  that we would be able to recogniz e an equivalent to our 
Tran s i t ion fores t as wel l  as the true Suba lpine for e s t , viz . Cyathea 
atrox ,  Dodonaea ( rarely recorded above 3000 m ! ) ,  Daphniphyllum , Ilex , 
Saurauia ,  Syzyg ium .  The summi t s  have been bad ly d i s turbed by hun ting 
par ties . 
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Vic tor Emmanuel Range t o  Wes tern Star Mountains . There i s  no publi shed 
account of the communities on the next major range wes tward , the Victor 
Emmanuels . However ,  in 1 9 7 5  G . S .  Hope ( pers . comm . ) visi ted the next 
range wes t  again , the Eas tern Star Mountains , including both the 
limes tone area eas t of Bus ilmin , on the margins of the Tel bas in and Mt 
Capella , and also the granodiorite slopes above Bus ilmin , the quartz i te 
and diorite areas of the Tel and the diorite from The Pas s  to Mt Scorpio . 
On the limes tone ' mixed mountain fores t '  and beech fore s t  dominated by 
N .  pullei reach .£· 3050 m ;  both fores t-types are probably assignable 
to our UMRF in their upper par t . Above c .  3050 m, they give way to  a 
' shrub savannah ' dominated by ind ividuals of Podocarpus brass i i , 
Dacrycarpus compactus and Papuacedrus papuanus separated by d i stances up 
I 
to f ive t imes their height ' almo s t  cer tainly corresponding to our UMRF-
Transitional f ores t ) . From c .  3 500 m to the summi t s  at  3 900 m there is  
a closed shrubland , domi nated by Rapanea , Rhododendron f 3  spp . ) , 
Vaccinium and Xanthomyrtus to 3680 m, but wi th Coprosma brassii  Merr . & 
Perry , Drimys , Rhododendron and Styphelia more prominent above that 
level ; the communities above 3500 m c learly belong to our SARF 
forma tion . The vege tation up t o  3 500 m was essentially s imilar on acidic 
rocks ; the N .  pulle i reached a height o f  3 5  m and the trees in the 
shrub savanna tended to be less widely s paced . The shrubland above 3 500 
m i s  not widespread on acidic rocks , but i s  found on a few cirque f loors ; 
Podocarpus brassii  was seen in i t  as a rounded shrub . Many different 
communi ties were recorded above the shrubland or occupying spe cial s ites 
in the s ame zone , e . g .  ridge-cres ts or around ponds . A 
Plagiogyria-Gahnia j avanica communi ty was widespread at  the edges of the 
fores t s  and shrublands and in patches within them - pos sibly a f ire-seral 
s tage . 
1 5 1  
Kalkman ( 1 9 6 3 )  has given a n  account of the Wes te rn S t a r  Mountains , 
which lie  in Wes t  Ir ian f Fig . 1 . 1 ) ;  they are said t o  reach 4680 m in  
Julianatop f Mandala ) .  ' Montane fores t ' is  reported at  1 300-2 300 m,  
suppo sedly l i t t l e  d i s turbed b y  man . I t  contains several genera 
exc lus ively Lower Montane in the areas so far di scu s s ed : Araucaria , 
As tronia , Calophyllum ,  Cas tanop s i s , Engelhardt ia ,  Myr i s t ica , Pandanu s and 
Planchonella . ' Mo s s y  fores t ' begins at 2300 m generally ( o ccasional ly a s  
low as  1 900 m) . Physiognomical ly t h i s  seems to  be UMRF i n  our t erms . It 
i s floristically poor and resembles the UMRF o f  the Bismarcks through its 
1 Cyathea , 1 Cryptocarya , 1 Dac rycarpus , 2 Drimys , 1 Dimorphanthera , 1 
Elaeocarpus , 1 Medinil la , 1 Prunus f Pygeum) , 1 Quintinia , 2 Schefflera 
and 1 Xanthomyr tus . I t  d i f fers not only in i t s  les ser f lori s t i c  richne s s  
a l l  round but a l s o  b y  the abundance i n  the upper par t of the canopy o f  1 
Mearnsia sp . , 2 Metros ideros spp . , and Phylloc ladus hypophyllus . Bamboo 
was general ly common and in one area No tho f agus was the dominant . 
The ' Subalpine fores t ' in the Star Mountains i s  said to  be found 
from 2850 m to > 3300 m .  The l i s t  o f  genera given sugge s t s  strong ly that  
much of thi s zone is  occupied by  Trans i t ion fore s t  in our  sense . 
Papuacedrus papuanu s  grows to 1 5  m but the di cot trees only to 3-6 m ;  
the latter inc lude Elaeocarpus , Me tros ideros , Quintinia , and 
Xanthomyrtus . There are the usual shrub s ( Rhododendron , Vaccinium e tc )  
and only two terr e s t rial herbs re corded , an Al pinia and Gleichenia 
bo lanica . At c .  3300 m the trans i t ion to gras sland i s  said to  s tart . 
The genera lis ted for the low s crub here are more like tho s e  of our true 
Subalpine : Coprosma , Drimys , Halorag i s , Pittosporum ( P .  pul l i fo lium) , 
Rapanea , Rhododendron , Styphelia , Symplocos , Tetramolopium and 
Trochocarpa . 
1 0  m tal l ) . 
Papuacedrus pers i s t s  as an emergent to this l evel ( s t ill  
Interes t ingly Phyllocladus , ' Podocarpus glauca ' ,  Ilex , 
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Schef flera and Xanthomyrtus ( ' very frequent ' )  also reach thi s level -
some of the se a t  lea s t  showing the melange effect  in this occurrence of 
Subalpine fores t at a relatively low alt itude . 
Rei j nders ( 1 9 6 4 )  p rovi des addi tional informa tion on the vege tation 
of the Star Mountains in hi s de tailed account of the soils  there . The 
rainfal l i s  reckoned to  be c .  4000 mm with a mean of > 2 00 mm in every 
month ,  and the amount of cloud-cover is very great ; thi s i s  reflected in 
an annual mean of only 3 . 7  hr per day bright sunshine in a valley bot tom 
at 1 260  m in the centre of the range . The obvious base of  dense cloud i s  
c .  1 7 00 m i n  mo s t  valleys , co inc ident wi th the lower limi t of ' Mo s sy 
fores t ' . However ,  thi s  for e s t  i s  ' much t al ler ' at  1 7 00-2000 m than at 
higher alti tudes , and , as indicated above when cons ider ing Kalkman ' s  
account , i t  seems that thi s lower-al ti tude ' Mo s sy fores t '  i s  pr obably 
LMRF in our s ense . The soil  of the ' Mo s sy fores t '  a t  1 7 0 0-3000 m in the 
Antares Ma s s i f  ( sands tone s , s il t s tones e t c )  is ' covered by a thick layer 
of peat ' ,  up to 4-5 m thick ( p .  1 34 ) . Pea t  is also recorded on 
limes tones at 2 000- 3 7 00 m .  No da ta are given for los s-on-igni tion or  pH 
in any of the s e  pea t s , all described as ' very acid ' . The 
higher-al ti tude , lower-s tatur e type of fore s t  i s  found a t  1 7 0 0- 2 000 m on 
the flat tops of a number of the lower mountains , where highly gleyed 
prof iles are found ( cf . our obs erva tions on Mt Ke rigomna : Chapter I ,  d ) . 
Snow Mountains to Wis sel Lakes . The Star Mountains grade we s tward into 
the vas t Snow Mountains range . Thi s  i s  generally s aid to  reach 502 9 m in 
Mt Car stensz f Mt Jaya ) , but Anderson ( 1 9 7 6 )  found in a recent survey a 
value of only 4884 m for the summi t . The range also  includes Mt 
Wilhelmina ( = Mt Tr ikora) ( 47 3 0  m)  visited by Lorentz in 1 9 1 0  and by the 
Archbold Expedition in 1 9 3 8-9 ( Bra s s  1 9 4 1 ) . According to  the account of 
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Bras s f 1 9 4 1 ) the g reat var iety of  what we would call Lower Montane genera 
reach at leas t c .  2 200-2 500 m on the slopes N . E .  of  Mt Wilhelmina and 
many of them even 2 7 50 ( -2 900) m in a protected bas in , rather like the 
Fa tima bas in in i t s  apparent lack of fogging . Except for the 
Ca s tanopsis , Engelhardtia and Li tho carpus ( ' Quercus ' )  the se  plant s · were 
mos tly mixed with dominant No thof agus . Thi s  genus continues as the 
dominant in a flori s t ically poorer fores t ,  up to 3 5-40 m tal l ,  as  far as 
3 100 m .  At 2 60 0- 2 7 5 0  m in the protected bas in Brass recorded � ·  SO  tree 
specie s , very much as  in our UMRF but wi th more species in some of the 
genera : 4 Coni ferae , 5 Cunoniaceae , 2 Lauraceae , 5 Elaeocarpus , 2 
Evodia , 2 Melicope , 2 or 3 Prunus ( Pygeum ) ,  2 Pi t t o s po rum and 2 
Saurauia . At 2800- 3 1 00 m the species were rather different but again 
almo s t  al l conf ined to the genera found in our UMRF :  1 Phylloc ladus , 1 
Dacrycarpus , 1 Podocarpus , 2 Cya thea , l Amaracarpus , > 2 Elaeocarpus , 1 
Eurya , 1 Fagraea , 1 Litsea , 2 Prunus ( Pygeum) , 1 Rapanea , 2 Schefflera 
( incl . Cephaloschefflera) , 2 Symplocos , 1 Vacc inium and 2 Xanthomyrtus . 
The herb layer was decidedly s pecies-poor : 1 Elato s tema and s ome small 
Zingiberaceae in hollows wi th more f erns and o rchids on the ridge s . The 
only woody climbers were 2 Dimorphanthera , 1 Freycinetia and 1 Ilex . 
Genera of t rees more or less  conf ined to sites  where big trees had fal len 
were Acronychia , Evodia , Ilex , Olearia , Pi t tosporum and Timonius ; they 
were mixed wi th scrambling or climbing species of Coprosma and Palmeria 
plus Hi s t iop ter i s  incisa and Rubus lorentz ianus , a l l  much as  i n  our UMRF . 
Pandanus cf . bros imos reached 3000 m and Homalanthus 3300 m .  
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From 3 100 m upward around Lake Habbema the forest around the 
limestone s ink-holes f the sites  least of ten burnt ? )  was c learly 
ass ignable to our UMRF with conifers to 12-15  m f Papuacedrus , 
Phyllocladus , Dacrycarpus r Podocarpus papuanus Ridl . 1 , and a Podocarpus ) 
and a lower layer of dicots representing many of  the genera listed for 
2800- 3 1 00 m, als o the tree-fern Dicksonia . There were many epiphytic 
ferns but only 1 Rhododendron , 1 Vaccinium ,  1 Hydnophytum and 1 Amyema 
( ' Loranthus ' ) .  On the s ands tone ridge s  and in the hollows were very open 
s tands of floris tically allied fore s t , s ome times reduced to a ' savanna ' 
of Papuacedrus , carrying ' gouty ' Myrmecodi a . All the soils were ' peat s ' 
and tho s e  on sands tone appeared to overlay a bleached horizon . 
Above c .  3 500 m on the track to  Mt Wilhelmina the conifers dropped 
out and the natural fore s t  l imi t appeared to be !:_• 3 900 m . The low 
forest between these limits  was dominated by Vaccinium dominans Sleum.  
and Rapanea sp . wi th Sche fflera spp . as emergents . These were 
accompanied by Coprosma , Drimys , Eurya f ' E . bras sii ' ) ,  Olearia , 
Pittosporum pulli fo lium, Rhododendron , Styphelia , Symplocos , Trochocarpa 
( ' Styphelia nubicola Wernh . ' ) ,  two more Vaccinium spp . and Xanthomyrtus . 
Uncinia was the main angios perm herb . Apar t from the lack of  Dacrycarpus 
the generic s imilarity to the Subalpine fores t of the Bi smarks is 
remarkable . It i s  int eresting that many of the species of the Subalp ine 
fo�est  were found in shrubberies down to 3 1 00 m ,  very probably the 
produc t of pas t fires . 
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In summary , the transe c t  of the Snow Mountains des cribed by Br as s 
( 1 94 1 )  showed a drawn-out tran s i t ion from Lower Mont ane t o  Upper Montane 
over the range 2600-3 100 m wit h  mos t  of the fore s t  probably a s s ignable to 
the Upper Montane from � · 2800 m .  The UMRF a t  c .  3 1 00-3500 m i s  poorer 
in s pecies and probably a Transit ion fore s t  in our sense ( included in the 
Subalpine by Bras s ) .  The fore s t  at c .  3500-3900 m is truly Subalpine in 
our terms . The only obvious bad f i t  to our s chema for def ini tion of 
forma t ions is the great height of the No thof agus ( 3 5-40 m) in the lower 
par t of the Upper Montane zone . 
It  i s  ins truct ive t o  compare Bras s ' s  account wi th that of Hope 
( 1 9 7 6b)  for  the area  around Mt  Car s t ens z ( Mt Jaya ) , about 1 50 km wes t  of  
Mt  Wilhelmina . To the south of Mt Jaya fore s t s  occur a t  1 7 00-2 600 m in a 
valley surrounded by rock-walls about 2000 m high . At 2400 m conifers 
are the mos t  prominent trees ( Phyllocladus hypophyllus , Podocarpus · 
pilgeri , Dacrycarpus c inctus and D .  imbricatus ) and reach a height of 
18-25 m. The dicotyledons include Crypto carya , Elaeocarpus , Psycho tria , 
Schuurmans ia henning s i i , Symplocos and Syz ygium taeniatum Di els ; Cya thea 
and Di cksonia are pr esent . Lianes are uncommon . Hope ( 1 97 6b) refers to 
the fores t as ' Upper Montane fores t ' and it is  almo s t  certainly UMRF in 
our s ense . The presence of Pandanus cf . giuliane t t i i  up to 2 600 m 
pre sumably exemplifies the melange ef fect . Above 2400 m the Elaeo carpus 
decreases and there are increas ing amount s  of Papuacedrus papuana , 
Quint inia and Xanthomyrtus . 
To the nor th-ea s t  of  Mt Car s tens z there are wide areas up to 3 2 00 m 
wi th Nothofagus pullei a s  the s ingle dominant ( 1 5-25 m tall) . In some 
areas Dacrycarpus , Papuacedrus and Phyllocladus are present , and below c .  
2 7 00 m many o ther montane tree s pecies , inc luding o ther No thofagus 
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species are found . The fore s t  at 2700-3200 m is clearly UMRF in our 
s ense , like that at 2750-3 100 m to the N .E .  o f  Mt Wilhelmina . 
is 
Above c .  3200 m ,  and particularly widespread on the Kemabu Plateau ,  
' Lower Subalpine fores t ' in which Dacrycarpus compactus and 
Papuacedrus papuanus grow t o  a height of 1 5  m and various dicots to c .  
10 m < especially Rapanea and Saurauia ) . Schefflera monticola Ridley is  
present . Shrubs include Coprosma , Rhododendron , S typhelia , Symplocos and 
Trochocarpa . The abundance of at least  some of  thes e  has very probably 
been increased by man ' s  activity there is plenty of evidence of 
burning . No large bushy Vaccinium. i s  present ( cf .  the abundance o f  v .  
dominans on Mt Wilhelmina ) . ' Upper Montane genera ' f ound above 3200 m 
include Carpode tus , Decaspermum , Sericolea and Timonius . As on Mt 
Wilhelmina , Myrmecodia is  widespread , bo th as an epiphyte and ·On the 
ground . Thi s  fore s t  is c learly UMRF-Trans i t ion fore s t  in our terms . Not 
only the trees and shrubs but als o the herbs are much as  in this 
fores t-type in Papua New Guinea : Blechnum , Gleichenia bolanica , 
Plagiogyria g lauca , and Pteri s ;  Glossorhyncha , Oreomyrrhis , Parahebe , 
Pedilochilus , Rubus , S is yrinchium and Uncinia . 
From c .  3650  m to c .  3900 m there i s  ' Upper Subalpine fores t ' ,  
true SARF in our sense . It  decreases in height with alt i tude from c .  1 0  
m to c . 6 m ,  and gives way to very extens ive shrubberies that pers i s t  in 
some places to 4 1 7 0  m .  Above these shrub-rich grass land is found . The 
main tree-species in the SARF are Dacrycarpus compac tus , Drimys piperi ta , 
Rapanea and Schef flera mont icola ; Pittosporum pulli folium. and Podocarpus 
bra s s i i  are present . The s hrub-genera recorded are almo s t  the s ame as on 
Mt Wilhelmina and on s o  many mountains in Papua New Guinea : Coprosma , 
Drimys , Eurya , Olearia , Rhododendron , Senecio , S typhelia , Trochocarpa and 
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Xanthomyrtus . Hope ( 1 9 7 6b) di scus ses  the s ignificance of the tall , 
clos ed shrublands above 3900 m ,  e specially in relation to lack of  human 
interference ; he consid ers that there i s  no s trictly comparable 
communi ty in Papua New Guinea . 
In summary , Hope ' s  account for Mt Car s t enz ( Mt Jaya) shows many 
parallels wi th that of Bra s s  fo r Mt Wilhelmina . The alti tudinal limits  
of the ma jor vegetation-types are  mos tly s imilar , but there are  some 
major differences in the behaviour of certain species locally dominant in 
one or o ther area ( Dacrycarpus compac tus no t found above 3500 m on Mt 
Wilhelmina , Vaccinium dominans not found on Mt Jaya , e t c ) . UMRF comes 
down to  2 400 m o r  lower on the s ou th s ide of Mt Jaya , but only t o  c .  
2 600-2800 m on the N . E .  s ide of Mt Wilhelmina ; we have no information 
for the south s ide of Mt Wilhelmina . 
About 130 km wes t  of Mt Jaya are the Wi s sel Lakes ( Paniai Meer and 
Tigi Meer)  at c .  1 7 5 0  m a l t i tude , vis ited by s everal collectors , e . g .  
Ver s t eegh and Eyma , and mentioned in s everal taxonomi c works . A brief 
account of the vege tat ion of the region is given by Rappard & van Royen 
( 1 9 5 9 ) . No thof agus dominates  much of the Lower Montane fore s t  and there 
is an indi cat ion of a po s s ible Upper Montane fore s t  ' dominated by 
coni fers ' above c .  2000 m .  
( ii )  Main ' spine ' of  New Guinea eas t and s ou th-ea s t  of  Bi smark Range . 
Mt Michael to Mt Amungwiwa . On the nor thern slopes of Mt Michael 
( 34 7 0  m) there is No thof agus fore s t  at c .  2 1 7 0-2 7 1 0  m and Upper Montane 
fores t above tha t ( Hynes 1 9 7 4 ) . The Subalpine fore s t  seems to lack the 
emergent Dacrycarpus found on the Bismarks ( Bras s 1 9 6 4 ) . No de tailed 
informa t ion i s  available for the Kratke Range , including Mt Piora 
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TABLE 3 . 7  FOREST PLANTS COLLECTED ABOVE 10000 FT (3050 m) ON THE SARUWAKET RANGE 
Probably Upper Montane Probably Subalpine 
Trees and Shrubs 
Amaracarpus clemensae Herr . & Perry 
Bubbia sylve s tris A . C . Smith 
Caldcluvia brassii ( Perry) Hoogl . 
Cyathea atrox C .  Chr . 
C .  gleichenioides c .  Chr . 
c .  muelleri Bak . 
Dimorphanthera megacalyx Sleum . 
Drimys piperita Hook . f .  ' entity polymera ' 
Elaeocarpus polydactylus Schltr 
Homalanthus sp.  
Helicope perspicuinervia Herr . & Perry 
Olearia lepidota Hattf . 
var . sarawaketens is ( Ha t t f . )  Koster 
Papuacedrus papuanus ( F .  v .H . ) Li 
Phyllocladus hypophyllus Hook . f . 
Pittosporum pullifo lium Burk. 
P.  ramiflorum ( Z .  & H . ) z. ex H. 
Podocarpus archboldi i N .E .  Gray 
Polyosma cestroides O . C .  Schm . 
Prunus grisea ( C .  Huell . )  Kalkm . 
var . microphylla Kalkm. 
Psychotria sp . 
Quint inia schlechteriana O . C  • •  Schm .  
Rhododendron christi Foers t .  
R .  inconspicuum J . J .  Sm .  
R .  rhodos tomum Sleum . 
Saurauia rufa Burk . 
Sche f  flera pilematophora Harms 
Senecio glos sophyllus Hattf . 
Coprosma discolori s  van Royen ( also UMRF? ) 
C .  divergens Oliver 
Cyathea macgregorii F .  v . H .  
Dacrycarpus compactus ( Wassch . )  de Laub . 
Dimorphanthera keys seri ( Schltr ex Diels ) 
Stevens var . keysseri ( also UMRF? ) 
Drimys piperi ta Hook . f .  ' entity montis-
wilhelmi ' ( al so UMRF?) 
Eurya albiflora White & Francis ( also UMRF? ) 
Gaultheria mundula F .  v . H .  var . mundula 
G. pullei J . J .  Sm • .  var . leiotheca 
( Sleum . ) Sleum . 
Haloragis halconens is Herr . 
Ilex havilandii Loes . ( also UMRF) 
Olearia rufa Koster 
Rapanea papuana (Hemsl . )  Hez 
( and o ther species of Rapanea) 
Rhododendron commonae Forst . ( al so UMRF? ) 
R .  pachycarpon Sleum . 
R. sarawagedicum Forst . var . sarawagedicum 
Styphelia suaveolens ( Hook . f . )  Warb . 
Trochocarpa dekockii ( J . J . Sm . )  H .J .  Lam 
Sericolea gaul theria ( F .  v . H . ) S chltr 
Sphenos temon aqui folium ( Laut . )  Steen . & Erd t .  
Symplocos cochinchinensi s  ( Lour . )  s .  Moore 
ssp . lep tophylla ( Brand . )  Nooteb . 
Vaccinium s triicaule Sleum . var . s triicaule 
Xanthomyrtus spp . 
(Many of the subalpine species listed above , grow mos tly in the open , out of the forest . )  
Table 3 . 7  contd . 
Herbs and Subshrubs 
Probably Upper Montane 
Cypholophus kerewensis  van Royen 
Cyrtandra sp . 
Elato s t ema s p .  
Parahebe albiflora ( P enn . ) van Royen 
& Ehrend . 
Pilea z aranensis  van Royen 
Polygonum runcina tum D .  Don 
Probably Subalpine 
Anaphali s  mariae F .  v . M • •  var . mariae 
Astelia papuana Sko t t sb . 
Gleichenia bolani ca Ro s .  
I s chnaea s p .  
Keys seria radicans ( F .  v .M . )  Mat tf . 
ssp . radicans 
Oxal i s  magellanica Fo rs t . 
Poa languidor Hi t chc . 
Po tentilla foer s teriana Laut . 
var . foers teriana 
Ranunculus pseudolowi i Eich! . 
Te tramalopium macrum F .  v . M  • •  
var . macrum 
Trachymene adenode s  Buw . 
T .  tripar t i ta Hoogl . 
Trigono t i s  ple iome ra Johns t .  
Uncinia compacta R .  Br . 
U .  riparia R .  Br . 
( bo th also UMRF? ) 
( Many o f  the s e  subalpine s pecies  g row mos tly in the open , out of the fore s t )  
Cl imbers and Scramblers 
Arrhenechtites  novoguineense 
( S .  Moore)  Mat t f . s sp .  dolichophyl la  
( Mat tf . )  Kos t e r  
Levieria cf . schlechteri Perk . 
Rubus archboldianus Merr . & Perry 
R .  dic linis F .  v . M • •  var diclinis 
R.  ferdinandi-mueller i  Focke 
R .  lorent z ianus Pulle ( also SARF? ) 
R .  mont i swi lhelmi van Royen 
Rhododendron hellwigii Warb . 
R .  l indaueanum Koord . 
var . lindaueanum 
Vaccinium finisterrae Schl t r  
Epiphytes  
Amyema wichmanni i ( Krau s e )  Dans . 
s s p . purum Barlow 
( also  UMRF? ) 
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( 37 1 9  m )  and ' The Pimple '  ( 3482 m) , or  for the peaks S .  and s .w .  o f  Wau , 
including Mt Amungwiwa , though the resul t s  o f  various collectors shown in 
Table 3 . 2  demons trate the floristic affinities . 
Saruwaket Range . Eas t  of  the Bismark Range lies the Saruwaket Range wi th 
Mt Bangeta reaching 4107 m .  There has been no recent account o f  i t s  
vegetation , but a summary o f  the fore s t  flora above 3000 m ,  compiled in 
part from herbarium records in Lae by one of  us f P . F . S . ) , is shown in 
Table 3 . 7 .  There are s trong generic resemblance s  to the Bismarks wi th a 
sprinkling of  the same species - particularly amongst  the scramblers and 
herbs . A close perusal of van Royen ( 1 9 79 ,  1982 , 1 9 8 3 )  conf irms this 
impression . Very intere s t ingly Phyllocladus i s  again f ound in the Upper 
Montane . According to Lane-Poole f 1 9 2 5 )  ' Mo s sy Fore s t ' ,  possibly our 
UMRF , is encountered at c .  2300-2400 m .  The Saruwakets merge wes tward 
with the Finis terre Range . A general account of the vege tation along a 
trans ect there i s  g iven by Jermy & Sayer s ( 1 9 6 7 ) . According t o  R .  
Pullen , who took part i n  their exped i t ion , ' Cloud Fores t '  ( our UMRF )  is 
met at  c . 2 7 00 m .  Between 2 400 and 2700  m ,  above the No tho f agus fores t ,  
i s  a ' z one of mixed conifers ' .  I t  i s  no t clear whether this has Lower 
Montane - or Upper Montane affini ties . The Subalpine ' shrubberies ' begin 
a t  c .  3200 m and contain much the same genera as in the Bi smarks wi th 
Rhododendron , Vaccinium and Rapanea dominant . Conifers are abs ent here . 
Mt Strong to Mt Obree . Returning to  the main mountainous ' spine ' of 
New Guinea , we can make some use of the vegetat ion map for the whole of 
eas tern Papua ( south of  lat itude 8 S) compiled f rom aerial pho tographs 
( see Pai jmans 1 9 7 3 ) . Further information is available for the wes t  dome 
of Albert Edward , called Mt Biota locally f van Royen 196 7 ) , Mt Strong and 
Mt Scratchley respec t ively N .W .  and S . E .  ( Coode & Stevens 1 9 7 2 ) , and 
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for peaks i n  Owen Stanley r ange : M t  Obree ' Lane-Poole 1 9 2 5 ) , Mt Suckling 
' Stevens & Veldkamp 1980)  and Mt Dayman ( Bras s  1956) . Pai jmans ( 1 973)  
has very unfortunately abandoned the nomenclature of former CSIRO reports  
and c lassified all the fore s t  between c .  1400 m and c .  3400 m as  ' Lower 
Montane ' .  In mos t  areas the fore s t  over c .  2400 m i s  distinct on aerial 
pho tographs and appears to be dominated by conifers . Thi s  i s  almo s t  
certainly the Upper Montane Rain fores t o f  our system and o f  previous 
CS IRO reports  ( Robbins & Pullen 1 96 5 , Robbins 1 9 7 0 ) . With a total 
disregard for nomenclatur e Pai jmans & Loff ler ' 1 9 7 2 )  refer to thi s  fore s t  
o n  M t  Albert Edward ( 39 93 m) as ' Submontane ' !  Their account shows its  
floristic  likenes s  to UMRF fur ther wes t .  It  contains , at l eas t in the 
upper part , Coprosma , Daphniphyllum gracile , Dr imys , E laeocarpaceae , 
Ericaceae , Homalanthus , Myr s inaceae , Pittosporum pul li fo li um and 
Rutaceae . The very abundant emergent s are of Dacrycarpus compactus and 
Papuacedrus papuanus . The fore s t  has been much dis turbed by burning and 
ring-barking , and above c .  3400-3500 m there i s  very extens ive 
grass land , at leas t half of which is probably man-made . The remnant 
clumps of shrubs and smal l trees , which represent the true Subalpine 
fores t ,  contain Coprosma , Ericaceae , Pittosporum pulli folium ,  Styphelia 
and Xanthomyrtus . Dacrycarpus compactus i s  found as emergent 1 5-20 m 
tall a t  leas t up to  3800 m .  On Mt Scratchley ( 3800 m) , to the 
south-eas t ,  Coode & Stevens ( 1 972 ) found at c .  3450-3 5 50 m a  forest 
almo s t  cer tainly equivalent to the Trans i t ion fore s t  on Mt Kerigomna . 
There was a well-defined canopy layer of Dacrycarpus compactus at 1 5-20 
m.  The lower-growing p lant s included species no t normally found in true 
Subalpine fores t ,  no t ably Amaracarpus vaccinioides ( Wright ) van Royen ( A .  
' caeruleus ' )  and Cya thea spp . 
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To the wes t ,  on the rounded summi t of Mt Strong a t  3450-3550 m ,  
Coode & S t evens f l 97 2 )  f ound fores t patches which are almo s t  certainly 
bes t  a s s igned to our true Subalpine ; these patches were found to be 
growing on ' peat ' .  They contain Dacrycarpus compactus ( emergent ) ,  
Dimorphanthera ( Vaccinium)  amplifo lia ( dominant ) ,  Drimys piperi ta ' entity 
ver s teeghi i ' ( inseparable from ' entity montis-wilhelmi ' ) , Olearia , . s p . , 
Pitto s porum pullifo lium ,  Polyosma subalpina , 2 Rapanea s pp . ,  Rhododendron 
culminicola , Symplocos sp . , Vaccinium s triicaule and Cladomyza 
( hemi-paras ite) . At the fores t margin are found Copro sma papuens is , a 
second Symplocos and Trochocarpa cf . nub icola . The herb layer i s  also 
familiar : Gleichenia bolanica , Sisyrinchium pulchellum , Trachymene 
saniculifolia and Uncinia compac ta . However , there are two s pecies 
indicative of our Trans i t ion fore s t  ( Podocarpus bras s i i  and Prunus 
co s tata) , and the s e  perhaps show the floristic  me lange effect  mentioned 
ear lier . The mos t  intere s t ing f ind on Mt St rong was a d i s t inct community 
1-2 m wide around mo s t  of the remnant scrub-pa tches , dominated by a 
lichen ( Cladonia sp . )  and wi th very f ew woody plants  present ( Gaultheria 
mundula , S typhelia suaveolens and Trochocarpa dekockii ( J . J .  Sm . )  Lam) . 
Pho tographs are given by Goode & Stevens ( 1 9 7 2 ) . These margins 
presumably derive from s ome pa s t  f ire being followed by slow regenerat ion 
of mo s t  of the woody plants on the exposed peat - somewhat as recorded by 
Janzen ( 1 9 7 3 )  f rom an a l t i tude of 3300 m in Co s t a  Rica . 
Well to the south-east , in the Owen Stanley Range , Lane-Poole ( 1 925)  
recorded ' Mossy  fores t '  c .  7 . 5  m tall above 2400 m a l t i tude on Mt Obree 
( 3 1 2 9  m) . Lane-Poole r e corded tha t ' ) 8 0% of the s tocking ' cons is ted of 
Podocarpus theve tiifolius Zipp . and ' Xanthomyrtus longicuspis Di els ' 
( probably ..!:_ papuana ) . All species had small leaves  except a Fagraea . 
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Almo s t  cer tainly t hi s  fores t belongs to our Upper Montane format ion 
though i t  contains a bamboo ,  a Pandanus and Freycine t ia angus t i folia , all 
of which i l lus trate the flori s tic me lange effect . 
About 100 km E . S . E .  of  Mt Obree , on Mt Mt Suckling and Mt Dayman . 
Suckling ( c .  3600 m ) , S tevens & Ve ldkamp ( 1 980) found Lower Montane 
for e s t  up to c .  2650  m wi th plent iful Litho carpus rufovi llosus ( Mkgf . )  
Rehd . to c .  2250  m .  No thofagus was rare , wi th a s ingle s tand of N .  
cf . grandi s Steen . being seen at  c .  1 7 00 m .  Above c .  2 2 50 m on 
ridge s and above c .  2650  m generally Upper Montane fores t of low s tature 
occurred . This  had abundant Phylloc ladus hypophyllus as  an emergent 
10-12 m tal l toge ther with trees and shrub s from a rather thin select ion 
of the usual Upper Montane dicot  genera growing 
cunninghamii was recorded from 1400 to 2650  m .  
t o  4-5 m .  Araucaria 
Gray ( 1 9 7 3 )  reported it 
from ( c .  1 300-) _£ ·  1 700 t o  2 7 5 0  m ,  some o f  the s tands being ve ry dense . ·  
He also reported a l i t tl e  A .  hun s teinii at lower alti tude s . De spite the 
great height of the Araucaria trees ( 50 m) the fores t at 2 2 5 0- 2 7 50 m is  
clearly Upper Montane in terms of all i t s  o ther s truc tural and 
phy s iognomi c features  and i t s  generic content . There is  a parallel with 
the Rain fores t at  800 m in Papua s tud ied by Pai jmans ( 1 9 7 0 ) , who found 
that Araucar ia hunsteini i there could in some ways be cons idered as an 
add i t ion to a matrix of dictoyledons ; the basal area , species d ivers ity , 
etc , of the dico tyledons was much the same on the s i t e s  wi th and wi thou t 
Araucaria . 
Stevens & Veldkamp ( 1 980)  found that between 2800 and 3 100 m 
Papuacedrus papuanus became as  frequent as the Phyllo cladus . From 3000 m 
to 3 400-3550 m the fore s t  patches were flor i s tically mos t  akin ( at the 
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generic level)  to our Trans i t ion fores t ; above thi s a l t i tude the 
shrubberies , which extended to 3600 m ,  are probably referable to true 
Subalpine fores t .  However , the effects  of ultramafic rocks on the 
vegetat ion of par t s  of Mt Suckling are po s s ibly cons iderable . The 
fores t s  are generally very species-poor and extens ive gras s lands , which 
descend to 3080 m, cover much of the land that might be expected to carry 
t rue Subalpine fores t .  
Papuacedrus papuanus , 
hypophyllus . 
The emergent conifers ( all reaching 3 500 m) are 
Dacrycarpus imbricatus and Phyllocladus 
Further southeas t  again , on Mt Dayman ( 1 7 90 m)  No tho fagus-fores t is  
said t o  occur a t  1 800-2 100 m and ' Mossy fores t ' above tha t , wi th some 
s pecies coming lower on ridge-tops in  the No thofagus -fores t  ( Brass 1 9 5 6 ) . 
The ' Mo s sy fores t ' is said t o  be dominated by Decaspermum , Xanthomyr tus 
mont i s-sucklingii Sco t t  ( bo th nanophylls ) , Papuacedrus and Phyllocladus , 
and to  contain in addi t ion Elaeocarpus , Ilex , Prunus ( Pygeum) , Quint inia , 
Rhodamnia ,  Schizomeria and Weinmannia and bamboo . Thi s  fores t i s  almo s t  
certainly t o  b e  a s s igned t o  the UMRF format ion . As o n  M t  Suckling there 
are emergent trees of Araucaria cunninghamii up to 2600 m ;  they are at 
lea s t  60 m tall ( Gray 1 9 7 3) . Pyrogenic summi t gras slands are very 
extensive . 
( ii i )  Mountains nor th of the main ' spine ' o f  New Guinea 
The fores t s  on the upper s lopes of the i s o lated mountain ranges 
north of the main ' spine ' of  New Guinea ( cf .  Fig . 1 . 1 ) are mos tly 
poorly known but there is a good deal of evidence tha t  Upper Mon tane Rain 
fore s t  is found at lower altitudes on them . There are also indications 
that the fores t s  of the s e  mountains share with tho s e  on the i s lands of 
the Bismark Archipelago and Louis iade Archipelago ( and s ome of the 
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northern slopes of  the main ' spine ' in We s t  Irian) some intere s t ing 
f loristic  diff erences from the fores ts  on mos t  of the main ' spine ' ,  e . g .  
an abundance of Nothofagus at  rela tively low alt i tudes , the presence of 
emergent palms *  ( mos tly Kentia s pp . ? ) , an abundance of  Dacrydium and 
widespread Nepenthes .  
Voge lkop Peninsula . On the Vogelkop Peninsula there are s everal high 
mountain ranges , some suppo sedly reaching _£ · 3000 m, but they are very 
poorly known botanical ly . Several collectors have vi s i ted the Ar fak 
mountains at  the eas tern end of the Peninsula ( Vink 1 96 5 ) , though i t  
appears tha t  none has climbed the highe s t  peak ( Mt Mebo , 2 94 0  m) . Hardon 
( 1 9 3 6 )  gave a brief account of the vegetat ion , when describing the 
discovery of true podzol prof iles . The only ext ens ive account of the 
vegetat ion was g iven by Gibbs ( 1 9 1 7 ) , whose alti tudes are all 
over-est imated by about 300 m or mo re ( Vink 1 96 5 ,  pp . 4 7 2  & 4 8 6 ) . Vink. 
f 1 9 6 5 )  makes plain the limited number of s i tes vis i t ed by Gibbs and als o 
emphasises the very extens ive effects  of human interf erence on the 
vegetation . Gibbs found ' above 7 000 f t ' ( really above 1 800 m? ) a rather 
var iable mo s sy fore s t  7 - 1 6  m tal l with conifers particularly conspicuous 
on the ridge s . Mos t  of thi s fore s t  i s  almo s t  cer tainly a s s ignable to our 
UMRF forma t ion but i t  contains a mixtur e of f lori s t i c  element s :  
* Also recorded for the very wet area to  the south of the main ' spine ' in 
the Wabag-Tari reg ion ( Robbins & Pullen 1 96 5 ) . 
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{ i )  typ ical of the Upper Montane or Upper and Lower Montane of the main 
' spine ' of New Guinea , Dacrycarpus imbricatus ( ' Podocarpus papuanu s ' )  
Dacrydium, Papuacedrus ( P .  arf akens is ) ,  Phyllocladus hypophyllus , 
Podocarpus s . s . , Acronychia , Drimys , Elaeocarpus , Homalanthus , Maesa , 
Medinilla , PfPer ,  Pipturus , Psychotria , Pullea , Rhododendron , Schefflera , 
Sericolea , Sphenos temon ( Idenburgia) ,  Spiraeathemum , Symplocos , Syzyg ium 
( ' Myrtus ' : notably d ivers e  in this region) , Timonius , Vaccinium and 
Cyathea among the trees and shrubs , Palmeria and Rubus among the 
climbers , Alpinia , Riedelia and Histiopteris in the ground layer , 
{ ii )  typical of the Lower Montane of the main ' spine ' of  New Guinea , 
Araucaria and Dodonaea ( bo th rare in the Upper Montane) , Lithocarpus 
{ ' Quercus ' ) , Melas toma , Metros ideros , Pandanus , Trimenia among the trees , 
Freycinetia among the climbers , Impatiens , Pteridium and Dawsonia in the 
herb or ground layer ) , 
( ii i )  typical of the Upper Montane above 900-1 800 m in Malaya* , Baeckia 
frutescens L . , Nepenthes and Sphagnum ; the las t  genus is somewhat 
scattered in---.=he Upper Montane of New Guinea . To these should be added 
Clethra , no t mentioned by Gibbs , but with s everal species in the Upper 
Montane of the Vogelkop and Malaya but scat tered through the Lower 
Montane only of the main ' spine ' of New Guinea ( cf .  Sleumer 1 9 7 1 ) . 
There were also present Haloragis and Styphelia { Subalpine in the 
main ' spine ' of New Guinea but down to Lower Montane on rocky sites) , two 
palms { the emergent Kent ia and the scrambling Calamus ) and s everal 
endemic or very res tricted genera . 
Nothofagus was not discovered in New Guinea until long after Gibbs ' 
vis it  but s ix species are now known from Vogelkop Peninsula , f ive from 
the Arfak Mountains ( Soepadmo 1 9 7 2 ) . It is no t clear whether these are 
all conf ined to LMRF or whether some occur in UMRF . 
Cycloop Mountains to Prince Alexander Mountains . Further east , in the 
Cycloop Mountains ( c .  1880 m) , Nothofagus is widespr ead and abundant 
between 1 000 and 1800 m, wi th one ' pocke t ' of N .  flaviramea S teen . as 
low as 7 00 m ( van Royen 1 9 6 5 ) . The forest i s  3 5  m tal l a t  1 000 - ? 1 400 m 
* Several of the genera l i s ted here in respect of their ecological 
dis tribution in New Guinea are prominent in the Upper Montane of 
Malaya , notably Rhododendron , Syzyg ium and Vaccinium , also Dacrydium, 
Medinilla , Pandanus and Symplocos . 
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but i s  reduced to less  than 1 2  m on ridge s above 1600 m .  I t  i s probably 
be s t  to clas s ify mo s t  of the No thof agus fore s t  in the LMRF formation . It 
contains abundant Cas tanop s i s  ( to 1800 m) and Me tro s idero s , widespread 
Calamus and emergent Kentia ( or Gulubia ) ,  occasional Planchonella f irma 
and ' several species of  Monimiaceae ' .  However , this fore s t  also contains 
an abundance of Xanthomyrtus , which is elsewhere in New Guinea 
charac teris tic of UMR.F ;  Dr imys is also frequent . Above 1400 m conifers 
become abundant ( Dacrydium , Papuacedrus , Phyllocladus and Podocarpus 
sens . lat . )  and Rapanea is very frequent . On some peaks above 1400 m 
the conifer-dominated fores t i s  ' crooked and rather low ' and i s  almo s t  
certainly to be clas s i f ied as Upper Montane . On a f ew exposed c re s t s  and 
ridge s the conifers are abs ent and Rapanea is dominant wi th occas ional 
Nepenthes and Cladomyza ( ' Dendromyza puberula ' )  as s c ramblers ; such 
s t ands are also ref erable to the Upper Montane formation . Ericaceae are 
men tioned by van Royen as climbe rs ( Dimorphanthera) and epiphytes 
( Diplycosia , Rhododendron , Vaccinium)  but i t  i s  no t clear whether they 
also occur as gr ound-dwellers in the dwarf vege tat ion on ridges , as one 
would expec t .  
Rather surpris ingly there i s  no evidence of No thof agus or of Upper 
Montane Rain fores t on the Torri celli Mountains or Prince Alexander 
Mountains ( bo th up to 1 500 m) , which lie to the eas t of the Cycloop 
Mountains ( Robbins 1 96 8 ; Heyligers 1 9 7 2 ) . 
( iv)  Nor thern s lopes o f  main ' spine ' inc luding Doormantop 
Several of the s pecial f eatures o f  the Arfak-Cycloop mountain fores ts  are 
repor ted also from the outlying nor thern s lop es of the Snow Mountains in 
the main ' spine ' of New Guinea . Thus Bra s s  ( 1 9 4 1 , p .  2 89 )  found on a 
ridge a t  850-900 m a species -poor mos sy Nothofagus-domina ted forest  20  m 
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tall , growing on ' peat ' 20-50 cm thick , and containing frequent 
Met ro s ideros , Phyllocladus and Podocarpus ( sensu lato ) , emergent Agathis 
and Gulubia and s crambling Nepenthes . Olearia , rarely found below c .  
2 000-2 500 m ,  wa s perhaps the mos t r emarkable plant present . The ridge in 
que s t ion was said to  be covered in cloud on mos t  afternoons . 
About 7 0  km wes t  o f  the t rans ect made by Bra s s  l ies  the outs tanding 
peak of  Doormantop (_£• 3580 m? ) . Lam ( 1 945)  gave a colourful and 
detailed account of his ascent  in 1 9 2 0 . Hi s account agrees wi th that of 
Bra s s  in that he recorded a major change f rom a Lowland f lora to  what we 
would call a Lower Montane flora a t  c .  1 200-1 300 m and in that the 
montane fore s t  is described as extremely mos sy . An emergent Kentia and 
two s pecies o f  Calamus were common . The general t rans it ion to what we 
would call an Upper Montane flora was not recorded in detail because the 
s lopes at 1900-2400 m wer e extremely s teep but it appears to have been 
comple t e  by c .  2430 m ,  where the dominant trees were conifers 
( Dacrydium ,  Papuacedrus , Phyllocladus ) ,  the taller di cot s  were 
Acronychia ,  Quintinia and Syzyg ium ( S .  adelphicum) , the shrub s were 
Sloanea ( incl . Antho loma) , Drimys , Eurya , Evodia , Ilex , Psychotria , 
Symplocos and Timonius . There were very f ew climbing species ( Alyxia , 
Rubus ) and there was a very poor dicot herb f lo ra ( Argo s temma , Dianella 
and Urticaceae ) . The melange effect was illus t rated by F reycine t ia 
( abundant )  and Pandanus ( to 2600 m) and even more s o  by the pres ence o f  a 
rat tan . The fore s t  was extremely rich in ferns . At c .  2 7 00 m the fores t 
bec omes much poorer in species and i s  dominated by Casuarina o rophila 
Johnson 8-1 0  m tall with only the conifers a s  sub s idiary tree species 
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( Phylloc ladus as cends highe s t * )  and a s cat tering of  d i cot  shrubs 
( Elaeocarpus , one species of  Ericaceae , Ilex , Mearns ia , one o ther 
Myr taceae , Symplocos , Timonius ) with the hemi-parasites  Exocarpus and one 
Dendrotrophe ( ' Hens lowia ' ) .  The fores t l imit depends g reatly on 
topography , s omet imes r each ing 3 300-3400 m in ravine s but wi th some peaks 
as  low as 2 6 5 0-2850 m forest-f ree ; the fores t-gras sland trans i tion i s  
presumably partly determined by p a s t  fires . The dominance of Casua rina 
and general species-paucity i s  probably t o  be explained by the presence 
of ultramaf ic rocks . The fore s t  above 3000 m grades into shrubber ies 
with a truly Subalpine f lora including Copro sma , Drimys , Eurya , 
Quint inia , Rhododend ron , S typhelia ,  Trochocarpa and Vaccinium . However ,  
as high as 3500 m there are genera which sugge s t  that the s tands are best 
treated as trans it ional Upper Montane-Subalpine ( Acronychia , Alyxia , 
Canthium ( ' Plec tronia ' ) ,  Cyathea , Decaspermum , Hedyo tis  ( Oldenlandia) , 
Syzygium , also the conifers Dacrydium ,  Papuacedrus , Phyllocladus and 
Podocarpus ( sensu lato ; rar e ) ) .  One of the mos t  remarkable genera 
present is Casuarina , no t normally found above the Lower Montane Zone . 
Much of  the ground i s  covered by tumbled mas s e s  of boulders and her e the 
shrub cover is s parse wi th Styphelia and Trochocarpa particularly 
prominent . In shrubberies and marshes there are s everal alpine-subalpine 
herbs ( Euphras ia , Gentiana , Potentilla , Trachymene ( ' Didiscus ' )  etc) . 
Two of the mos t  remarkable plant s present on the boulders up to > 3 500 m 
are Myrmecodia and Nepenthes .  Various species of Nepenthes were seen 
from 2 400 m alt itude upward . 
* At 3 500 m it  i s  only 1 -2 m tal l . Mr J . S .  Womersley ( pe r s . 
seen s imilar plants near the summi t of Mt Amungwiwa , S . W .  
Papua-New Guinea . 
comm . ) has 
of Wau in 
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Lam ( 19 4 5 )  no ted the superf icial resemblance between the fores t s  on 
narrow ridge s at 2700 m and tho s e  much lower (_�_. 1 400 m) . Tho s e  at  the 
higher altitude had the general Upper Montane f lora lis ted above . Those 
at 1400 m were almo s t  c ompletely distinct a t  the species level but 
contained many genera in common with tho s e  at higher alt i tudes ( Drimys , 
Elaeo carpus , Psycho t ria , Rhododendron , Rubus , Symplo cos and Vaccinium 
with abundant Nepenthes ) . Papuacedrus was rare and few o ther woody 
genera were reported ( Levieria , Prunus ( ' Pygeum ' ) ,  Terminthodia) . There 
were frequent tangles of Gleichenia and Lycopodium cernuum with Dipteri s  
conjugata ' on sunny margins ' .  Medinilla was a common climber . Apar t  
from the Drimys , Elaeocarpus and Levieria , the fores t is  s imilar to the 
Upper Montane Rain fore s t  at 1 400 m ( or lower ) in Malaya . Thus , we have 
exemplif ied in one limit ed area the two main types of Upper Montane Rain 
fores t in Malesia . They have much in common flori s t i cally ( at the 
generic level )  as we ll as in s tructur e  and physiogno�y but they differ 
s trongly at the s pecies and frequently inf rageneric level and t end to 
have different genera dominant ( if any p lay tha t  role) ; in par t icular 
mos t conifers o ther than Dacrydium are much more f requent in the 
higher-alt i tude type . Because of insufficient exploration we do not know 
whether low altitude-UMRF als o exi s t s  on the nor thern s lopes of the main 
' spine ' in Papua-New Guinea , e . g .  on the nor thern s lopes o f  the Bi smark 
Range . 
( v) New Ireland and New Bri tain . 
The highe s t  peaks  on New Ireland reach about 2 1 50 m .  They were vi s i ted 
by M . J .  Sands ( pers . comm . ) in 1 97 5 .  No dis t inct zone of Upper Montane 
fore s t  was recorded , but the r idge-top fores t s  were found to be s omewhat 
dwarf ed and extremely mo s sy .  Cer tain plants  commonly a s s ociated with 
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UMRF on the mainland of New Guinea were found : Dipter i s , Gleichenia , 
Gahnia cf . j avanica Zol l . & Mor . , Drimys , Haloragis ( Gonocarpus ) , two 
ground-dwelling species of Rhododendron ( R . culminicola and R . superbum) , a 
jus t-epiphy t ic Dimorphanthera , and Sphagnum sericeum . The limestone 
mountains were  not vis i t ed , and no No thofagus was found . 
Some of the limes tone peaks and vo lcanoes on New Bri tain have been 
vi s i ted by one of us ( P . F . S . ) . Two species of No thofagus completely 
dominate the upper s lop es of the limes tone mountains ( c .  1 100-1830 m) . 
No o bvious upper Montane fores t was found but the abundance of  Drimys , 
Rubus and Scleroglos sum ( Grammit idaceae ) and the occurrence of 
Micrato torchis sugges t  some s imilar ity wi th the Upper Montane fores t of 
the ' s pine ' of New Guinea . Mo s s ing of  the fores t was cons iderable and 
s tar ted as low as 1 06 5  m .  The uppermo s t  vegetat ion ( up to 1 500 m) on 
some volcanoes i s  rich in Casuarina ( as on some in Java , c f . van Steeni s ·  
1 9 7 2 )  and that o n  ' The Father ' i s  rich i n  We inmannia . 
( vi )  I s lands to  the south-eas t of New Guinea . 
The highe s t  peaks in the D ' Entreca s t aux Is lands ( >  2000 m on Goodenough 
Is and Ferguson Is ) are li ttle  known bo tanically ( cf .  Bra s s  1 95 6 , 1 9 5 9 )  
but enough i s  known of the lower peaks on Normanby I s  and on two of the 
three larges t  islands in the Louis iade Archipelago to show that the 
' mossy cloud fores t '  there , which descends to c .  7 00-7 50 m ,  i s  
f lo r i s t i cally poor but has a f f inities wi th both the LMRF and UMRF of the 
' spine ' of New Guinea and the UMRF o f  the Vogelkop and Malaya . On 
Normanby Is land thi s fores t i s  c .  1 8  m high and contains not only 
Cyathea , Schizomeria , Syzygium ,  Xanthomyrtus ( all widespread in UMRF of 
the mainland ) and Dicks onia , Ilex and No thofagus (.!!_: carrii Steen . )  
( mainly LMRF on the mainland , s ca t t ered in UMRF) but als o Calophyllum 
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papuanum Laut . ,  Dacrydium ,  Garcinia , bamboo and a tall palm . On a summi t 
a t  c .  1050 m there was a dwarf ed growth of the dicot trees ' of ten only 
wai s t  high ' wi th emergent Dacrydium (� beccarii Parl . according to de 
Laubenf els , 1 9 6 9 ) , patches of the tal l f erns Dipteris conjugata Reinw . 
and Gleichenia hirta Bl . var . candida ( Rosens t . )  Ho l t t . ;  also 
occas ional Nepenthes ( Brass  1 9 5 9 ) . There i s  a superf icial s imi lar ity 
wi th some summi t fore s t s  in Malaya ( cf .  Whi tmore & Burnham 1 96 9 ) . 
On Sudes t Is ' mossy elfin woodland ' 8-1 5 f t  ( 2 . 5-4 . 5  m) tall is 
found above c .  700 m and contains Ardisia , Bubbia ( ' Dr imys ' ) ,  
Calophyllum goniocarpum St evens , 2 Lauraceae , Mearnsia , Rhododendron , 
Timonius and a tall palm . Dacrydium occurs at  c .  4 20-600 m .  On Ros sel 
Is the mos sy ridge fore s t  above .£ · 7 6 0  m is  1 5- 2 5  f t  ( 4 . 5-7 . 5  m) tall 
and contains s everal Lower Montane - Lowland element s of  the New Guinea 
mainland ( Dio spyros , Gordonia , Myris t ica , s ome Sapotaceae and two palms ) 
as  wel l  as familar Upper Montane Lower Montane elements  ( Bubbia 
( ' large-leaved Drimys ' ) ,  Deca spermum , small-leaved Lauraceae , Podocarpus 
and Symploco s ) . No thing preci se  i s  known of the soils  but there is  
per s i s tent fog and the abundance of  s t i l t  roo t s  i s  sugge s t ive of 
waterlogging , which i s  thought to be an important feature of ' elfin ' 
fore s t  on some of  the So lomon Is , e . g .  Kolombangara ( Lee 1 96 9 , Whitmore 
1 9 6 9 ) , and some of the Caribbean peaks , e . g .  in Puert o Rico ( Wadsworth & 
Bonne t 1 9 5 1 ) . On the o ther hand , Bras s  refers to wind-clipping and this  
links the dwarf fore s t  wi th that on Mt Bel lenden Ker in Queensland 
( P . J . G .  pers . obs . )  and tha t on the peaks of  the New Hebrides ( K . E .  Lee 
pers . comm . ) . The i sland of Karkar ( c .  1 200 m high) much fur ther wes t , 
( only 60 km o f f  Madang ) i s  s aid to  have a low impene trable thicket on the 
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upper slopes ( P . N . G .  Fores try Depar tment map) , and may carry a fore s t  
like that of  the Louis iades .  R . T .  Corlett ( pers . comm . ) has visi t ed the 
thicket , and found no di s t inct ively montane elements . 
( vii)  Summary of  compar ison of  upper  montane and subalpine fores ts  
1 .  There are great s imilarities 
but also in gene ric content in 
from one end to the other of the 
island of New Guinea . 
no t only in s t ructure and phy s iognomy 
the Upper Montane and Subalpine fore s t s  
main mountain ' spine ' of the great 
2 .  The altitudinal limits  of  the various fores t-types vary a good deal . 
A summary i s  shown by means of  a diagrammatic cro s s-section through our 
main s tudy area in Fig . 3 . 3 .  It seems that  the lowering of limits on 
some slope s  relative to o thers is always correlated with a lowering of 
the limit s  o f  frequent low cloud ( fog) . 
3 .  The genera character i s t ic of the different fores t-types ,  when they 
are ' at full s tretch ' , are set out in Table 3 . 8 , whi ch is  considered in 
more  detail in sect ion ( f ) . Where the limit s  of a given fores t-type are 
lowered , it is usual to f ind a few genera of the next-lower forma tion ( a  
floristic  melange effect ) .  In the case of  Upper Montane fore s t  the 
genera of non-epiphytes mos t  of ten involved are Freycinetia , Nas tus and· 
Pandanus . Naturally all publi shed accounts are incomplete but it  appears 
that mos t  of the genera conf ined to Lower Montane fore s t  in our s tudy 
area and not marked * in Table 3 . 8  are also abs ent from Upper Montane 
fore s t  where this comes down to 2400( -2100)  m in o ther parts  of New 
Guinea . In the lowes t certain occurrences of  the Upper Montane , e . g . at 
2 1 00 m in the Arfak Mountains , rather more ' Lower Montane ' genera are 
involved . An even higher proport ion is  present in the dwarfed forests of 
outlying islands a t  7 5 0- 1 000 m .  
4 .  On the highe s t  mountains the limit o f  cont inuous fore s t  i s  a t  c .  
3800-4000 m .  It  i s  mos t  d i f fuse where it  has been least  dis turbed by man 
( e . g . in the Bundi cat chment on Mt Wilhelm) . 
5 .  The lower limit s  o f  the Subalpine fores t ,  as  defined in Tables 1 . 2  
and 3 . 8 ,  are as follows : 
c .  3650 m Mt Jay a < 3 4 7 0  m Mt Michael 
c .  3550 m Mt Wilhelm ? c . 3450 m Mt Strong 
c .  3550 m Mt Ker igomna 3400 / 3500 m Mt Suckling 
? c . 3550 m Mt Scratchley > 3400 m Mt Alber t  Edward 
? c . 3530 m Kubor Range > 3 3 6 5  m Doma Peaks 
c .  3500 m Eas t e rn Star Mtns > 3345 m Mt Hagen 
c .  3500 m Mt Wilhelmina c .  3300 m Wes tern Star Mtns 
< 3540 m Mt Otto c . 3 200 m Fini s terre Range 
On many mountains Dacrycarpus compactus is an emergent to the limit of 
fore s t  growth ( Wilhelm , Kerigomna , Otto , Strong , Scratchley , Alber t  
Edward ) .  On M t  Wilhelmina two s pecies of  Sche fflera a r e  emergent . On 
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some mountains there are apparently no emergent s or coni fers in thi s zone 
( Ea s t ern Star Mtns , Doma Peaks , Mt Gi luwe , Mt Hagen , Mt Michael , 
Fini s t erre Range ) .  On mos t  mountains tha t reach only _£· 3 4 50-3 650 m 
Subalpine fore s t  was probably never very ext ens ive in the las t  1 0000 
years and has now been very greatly depleted by f ire so that it is 
impo s s ible to  know i t s  o rig inal character . Mt Kerigomna was except ional 
for i t s  height in having been so little  dis turbed before 1 9 7 0 . 
6 . The Upper Montane fore s t  as def ined by us ( Table s  1 . 2 and 3 .� )  
usually occupies a wide alti tudinal range . The upper part is  nearly 
always poorer in specie s . As a ma j ority of the s e  have microphylls we 
regard the fores t as a Trans i t ion type within the Upper Montane formation 
although i t  has usually been inc luded in the Subalpine by previous 
authors . In thi s Trans i t ion fores t Papuacedrus papuanus i s  very o f t en an 
abundant emergent and Podocarpus bras s i i , usually much l es s  common , s eems 
to be charac teris tic  on some mountains . 
In the Main As sociat ion of the Upper Montane formation conifers are 
always abundant . The publi shed accounts sugge s t  that they are 
par ticularly so in eas tern Papua , but there i s  no critical informa tion on 
thi s po int . Phyllocladus hypophyllus is o f ten the mo s t abundant conifer 
- the southern slop e s  o f  the Bi smarks tend to be exceptional in having 
l i t tle  of thi s species , which po s s ibly bene f i t s  from more pers istent 
fogging as Nothofagus s eems to do in the Lower Montane Zone . 
The lower limit s  of  the Upper Montane fores t appear to be as  follows 
( on the par ti cular slopes s tud ied ) : 
c .  3050 m Mt Wilhelm c .  2 400 m E . Papua generally 
c .  3050 m Mt Kerigomna c .  2400 m Mt Obree 
c .  3050 m Mt Hagen < 2400 m Mt Jaya ( S . side)  
c .  3050 m Mt Giluwe c .  2 300-2400 m Saruwake t Range 
?c. 2900 m Doma Peaks c .  2300 m S tar Mountains 
c .  2 800 m Mt Wilhelmina ( N . E . side)  2 2 50-2 6 50 m Mt Suckling 
c .  2 7 3 0  m Mt Otto c .  2 100 m Mt Dayman 
c .  2 7 1 0  m Mt Michael c .  1 800 m Ar fak Mountains 
c .  2700  m Kubor Range 
The - t rans ition from Lower Montane to Upper Montane is usually 
described as  though i t  were abrupt and no doubt i t  some times i s  so , 
especially where i t  i s  correlated with some topographic f eature . 
However ,  at  2640-2 730 m on Mt Otto and a t  2600-2800 m on Mt Wilhelmina 
there are c er tainly t rans i t ions . An apparently -abrup t change i s  of ten 
associa ted with a dropping out of the very tall No thofagus but c r i tical 
analys i s  of  the Mt O t to case shows that No thofagus can dominate a s tand 
tha t  i s  phys iognomic ally and f lo r i s t ically Trans itional Upper-Lower 
Montane . 
The Main As sociat ion of  the Upper Montane format ion varies  greatly 
in s ta ture and in species-richne s s . In a very f ew cases i t  includes  very 
tall trees : Nothofagus p s eudor e s inos a  3 5-40 m t a l l  a t  2 800- 3 1 00 m o n  Mt 
Wilhelmina and Araucaria cunninghamii 60 m tall at 2 25 0-2 7 50 m on Mt 
Suckling and Mt Dayman . It is of ten reported that the s tand is over­
whelmingly domina ted by a f ew species , mainly Myr taceae ( Xanthomyrtus , 
Decaspermum , Me t ros ideros ) and Podocarpaceae ( Phyllocladus , Podocarpus 
s ens . lat . ) , but there is no crit ical evidence on this point . 
1 75 
7 .  The Upper Montane fores t s  of the Arfak mountains in the Vogelkop 
Peninsula contain species and genera that link them with the Upper 
Montane forests of  Malaya , which o ccur as low as 900-1800 m altitude . 
There are also s tands that form a link wi th Malayan UMRF on the northern 
slopes o f  the Snow Mountains and on the Cycloops Mountains . Because of 
insufficient exploration , i t  is not known whether such s t ands occur 
further eas t , e . g .  on the northern s lopes of the Bismark Range . 
8 .  The fore s t s  above c .  750 m altitude on the D ' Entrecas taux and 
Louis iade islands are hard to clas s ify in our scheme of forma tions . They 
are floris tically poo r  but certainly repre sent flor i s t ic melanges , 
containing several Lower Montane elements . On one peak at  lea s t  there is  
a dwarf fores t l ike that on some Malayan peaks including Nepenthe s  and 
emergent Dacrydium . Other fores t s  superficially resemble s ome of the 
' elfin forests ' of the Solomon Is lands or the Caribbean . 
Alt itude 
(m)  
3900 --
3500 --
3050 --
2700 --
2400 --
2 1 00 --
in major 
valley 
LM RF replaced by grassland 
in intermontane basin due to 
man's activities 
L M R F  
LR F 
F IGURE 3 . 3  A schematic section of the highlands of New Guinea in the 
Goroka region showing the distribution of forest-types and 
cloud ( very t entative for outer slopes ) ;  the densi ty of 
s tippling reflects the intensi ty and frequency of  the 
cloud-cover . 
176 
We have deliberately emphasised the likenesses  between different 
areas on the mainland : but there are three kinds of difference . 
1 .  There i s  a great variety of  topography , geology and soil parent 
materials . The mountains we have mentioned include huge plateaux of 
mas s ive limestone ( e . g .  Snow Mountains , Saruwake t s ) , relatively rec ent 
volcanoes ( e . g . the highes t  Doma Peaks ) , o lder volcanoes ( Mt Giluwe , Mt 
Hagen) , areas of uplif ted o lder base-rich ingeous rock ( Bismarks ) , 
metamorphic rocks such as schi s t s  ( common in the Owen Stanley Range ) and 
ultramaf ic rock ( the main peak o f  Mt Suckling , some in Doormantop) . 
Excep t for the ul tramafi c  rocks ( Stevens & Veldkamp 1 98 0) the different 
rocks seem to have little  influence on the flora through their chemical 
effects . In the Upper Montane and Subalpine Zones there i s  no clear 
influence of l imes tone comparable with the apparent favouring of 
Nothofagus ( Hyne s 1 9 7 4 )  and , sometimes , Araucaria cunninghamii ( Gray 
1 97 3 ,  1 9 7 5 )  in the Lower Montane Zone . Differences in geology mos tly 
have their effec t s  through topography and thence through d rainage and 
pat terns of cloud development . The effects of poor drainage in intact 
fores t have been mentioned for Mt Kerigomna and in some areas extensive 
swamp forests  are known ( Gibbs 1 9 1 7 , Brass 1 94 1 ,  Robbins & Pullen 1 96 5 ) . 
A les ser incidence of low c loud on plateaux relative to the s teep slopes 
around them may account for the reports  of  taller-grown trees at higher 
altitudes in the Saruwaket Range ( Lane-Poole 1 9 2 5) and on the Albert 
Edward mas sif ( Pai jmans & Loffler 1 9 7 2 ) . The re is no reason to believe 
that there is generally a lesser incidence of cloud at the highes t 
altitudes ( McVean 1 9 7 4 ) . Summi t  vegetation above the limits  of fo rest 
may be in cloud whil e  the Subalpine and Upper Montane fores ts  are free of 
it for prolonged periods on some mountains ( cf .  Mt S trong ? , P . F . S . ) . 
Variat ion in rainfall and clouding is particularly 
Subalpine Zone through its indirect influence 
dis turbance by fire ( cf .  Wade & Mcvean 1969 , p . 5 7 ) . 
important in 
on the degree 
the 
of 
2 .  There are relatively f ew genera or other supers pecific taxa of the 
Upper Montane or Subalpine fores ts  which are dis tinctly wes tern or 
eas tern -in dis tribut ion within New Guinea . Myrica ( 1  sp . ,  Lowland to 
Upper Montane ) is  conf ined to the Wes t ( Backer 1 9 5 1 ) , while Agapetes ( 14 
s pp . , Lower Montane to  Suba lpine ; Stevens 1 9 7 2 ) and Dimorphanthera 
section Pachyantha ( 6  spp . , Lower Montane to Subalpine ; S leumer 1 967 as 
Vaccinium section Pachyanthum) are both conf ined to the eas tern half of 
the i sland . 
3 .  There is  variation both in the part icular species present on 
ad jacent mountains and in the relative abundance of the same species , as 
will be apparent from the earlier par t of this sect ion ; Kalkman & Vink 
( 1 9 70 ) discus s the former point and Smith ( 1 9 7 5b )  discus ses  the s ame 
i ssue for the plant s of grasslands above t imber-line . The latter kind of 
variation i s  partly related to differences in topography , drainage , etc . 
and par tly to the interac tion between chance differences in the effects 
of wea ther and animals ( inc luding man) in the pas t , wi th the different 
requirements fo r regeneration of the several species ( cf .  Grubb 1 9 7 7a) . 
Despi te this , many species have a wide distribution , and such are to be 
found in mos t  of the genera for which critical taxonomic revis ions are 
available ( see Tables 3 . 2  and 3 . 3) . 
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Of the diff erences between the taxa of ad jacent mountains two 
examp les mus t suf fice . Firs tly , the Senecio s pecies at  present known for 
Mt s Wilhelm , Ker igomna and Otto are in par t d i s t inc t . S econdly , the 
ent i t ies of Drimys piperi ta on Mts Wilhelm and Kerigomna are par tly 
over lapping and partly d i s t inc t ( for the clas s i f ication of ent ity 
' heteromera ' see Vink 1 9 7 0 ,  p .  2 9 9 ) . Ent i ty ' mont is-wilhelmi ' grows in 
the Subalpine and Trans i t ion fore s t s  and ent i ty ' he t eromera c '  grows in 
the Lower Montane ; bo th ent i t i e s  are found on bo th mountains . Ent ity 
' cordata ' (.Q:_ ros ea of Wade & McVean) is  common in the Main As s ociation 
of the Upper Montane on Mt Wilhelm alone . Ent i ty ' he t e romera a '  is  
common in the Trans i t ion fore s t  and the uppe r par t of the Main 
As sociat ion of the Upper Montane on Mt Wilhelm , while on Mt Kerigomna i t  
i s  ' replaced ' by a form of  ent i ty ' polymera ' .  F o r  this discus s ion , the 
ent i t ies l i s t ed above can be considered as taxa ( cf .  Vink 1 97 0) . 
A further type of  difference concerns the same s pecies having 
different ecological ' preferences ' on different mountains . Comparat ive 
ecological s tud ies on New Guinea mountain plant s are very few ,  but there 
are indi cat ions of such behaviour . Keys seria radi cans s s p . radicans is 
found on the fores t floor on Mt Strong ; elsewhere i t  i s  a plant of 
subalpine and alpine gras sland ( Coode and Stevens 1 9 7 2 ) . Rhododendron 
atropurpureum is a plant of subalp ine shrubberies on Mt Wilhelm ;  on the 
Kubor Range it appears to favour more open habitats  and thi s is 
as sociated with s l ight morphological differences ( Stevens 1 9 7 4b ) . Such 
d if ferences clear ly link on to bo th the problem of relat ive abundance on 
di f f erent mountains , and tha t of the factors which permi t a species to 
grow in diff erent format ion-typ e s . 
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TABLE 3 . 8 NUMBERS OF SPECIES IN GENERA OF VARIOUS LIFE-FORMS IN THREE 
FOREST FORMATIONS IN THE MT KERIGOMNA-FATIMA BASIN TRANSECT . 
( x) Present as  an epiphyte only . 
[ (x) ] Present as ground dwelling , t re e , shrub or  climber . 
( - )  Abs ent except i n  marginal o r  s econda ry communities o r  on 
gravel terraces .  
* Present above 3000 m in UMRF or above 3 500 m in t rue 
SARF on o ther mountains in Papua-New Guinea o r  w .  Irian .  
( a) TREES & SHRUBS 
Filicops ida 
Cyadi'eaceae 
Cyathea 
Dicksoniaceae 
Dicksonia 
Osmundaceae 
Leptopteris 
Gymnospermae 
Cupressaceae 
Papuacedrus 
Podocarpaceae 
Dacrycarpus 
Podocarpus 
Monocotzledoneae 
Li liaceae 
Cordy line 
Pandanaceae 
Pandanus 
Dicotiledoneae 
Alangiaceae 
Alangium 
Apocynaceae 
Al stonia 
Aquifoliaceae 
Ilex 
Araliaceae 
Harmsiopanax 
Sche f  flera 
Celas traceae 
Perrottetia 
Lower 
Montane 
(LMRF ) 
3 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 + ( 2 )  
1 
Upper 
Montane 
-(UMRF) 
1 
* 
1 
1 
2 
* 
1 
1 
Sub­
Al Pfue 
( SARF )  
1 
* 
* 
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Table 3 . 8 contd . 
LMRF UMRF SARF 
Chloranthaceae 
Ascarina 1 1 
Corynocarpaceae 
Co rynocarpus 1 
Compo s i tae 
Olearia ( - ) 2 2 
Senecio 2 * 
Cunoniaceae 
Caldcluvia 3 * 
Schi zomeria 3 1 
Weinmannia 1 * 
Daphniphyl laceae 
Daphniphyl lum 1 
Elaeocarpaceae 
Elaeocarpus 9 2 
Seri col ea 1 2 
Sloanea 2 
Epacridaceae 
Styphelia ( - ) , ( - ) 1 
Trochocarpa 1 
Ericaceae 
Dimorphanthera ( 2 )  2 2 
Rhododendron ( 4 )  2 2 
Vaccinium ( 1 )  1 1 
Es calloniaceae 
Carpode tus ( - ) 1 
Po lyosma 1 1 1 
Quint inia 1 1 1 
Euphorbiaceae 
Br eynia 1 
Claoxylon 1 
Endospe rmum 1 
Homalanthus ( - ) 1 
Macaranga 3 1 
Phyllanthus 2 
Flacourtiaceae 
Ca searia 1 
Fl inde rs iaceae 
Fl inders ia 1 
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Table 3 . 8 cont d . 
LMRF UMRF SARF 
Ge sneriaceae 
Cyrtandra 2 
Himantandraceae 
Galbulimima 1 
Icacinaceae 
Rhyticaryum 1 
Lauraceae 
Ac t inodaphne 2 
Cinnamomum 1 
Crypt ocarya 3 * 
L i t sea 9 1 
Loganiaceae 
Fagraea 1 
Melastomataceae 
Med inilla 1 1 
Meliaceae 
Agla ia 1 
Dysoxylum 1 
Monimiaceae 
Dryadodaphne 1 
Kibara 2+? 2  
( ?Anthobembix) ? 2  
Levier a 1 
S teganthera 1 1 
Moraceae 
Ficus 5 
St reblus 1 1 
Myr s inaceae 
Ard i s ia 1 
Maes a ( - ) 1 
Rapanea 2 4 3 
Myr taceae 
Decaspermum 1 2 
Syzyg ium 7 1 
Xanthomyrtus 1 * * 
Ochnaceae 
Schuurmans ia 1 1 
Piperaceae 
Piper 3 2 
P i t tosporaceae 
Pi tto spo rum 3 2 * 
Proteaceae 
Helic ia 1 1 
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Table 3 . 8 contd 
LMRF UMRF SARF 
Ro saceae 
Prunus 3 2 
Rubiaceae 
Amara carpus l+? l 3 
Co prosma ( - ) 2 2 
Psycho tria 3 ( +? 1 )  2 
Timonius 1 1 
Rutaceae 
Ac ronychia 1+? 2  1 
Euodia 1 * 
Euod iella 2 1 
Meli cope 1 2 
Zanthoxylum 1 
Sabiaceae 
Mel iosma 1 
Sapindaceae 
?Elattos tachys 1 
?Mischocarpus 1 
Sapo taceae 
Planchonella 1 
Saurauiaceae 
Saurauia 7 1 
Staphyleaceae 
Turpinia 1 
Symplocaceae 
Symplocos ( s ee Dr imys ) 3 3 1 
Theaceae 
Eurya 1 1 1 
Terns troemia 1 * 
Thymeleaceae 
Wiks troemia 1 * 
Trimeniaceae 
Spheno s t emon 1 1 
Ur ticaceae 
Cypho lophus 1 * 
Lapo rtea 1 
Pipturus 1 1 
Pouzolzia 2 
Procris 1 
Winteraceae 
Bub bi a 2 1 
Dr imys 1 2 1 
( ' Entit ies ' in Drimls and va ri e t ie s  in Symplocos t reated as  separate 
species) . 
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Table 3 . 8 contd . 
LMRF UMRF SARF 
( b ) GROUND-DWELLING HERBS ( &  SUBSHRUBS )  
Lycopsida 
Lycopodiaceae 
Lycopodium ( 4 )  [ ( l ) ] 1 
Filicopsida 
Aspidiaceae 
?Dryopteris  1 
?Polys tichum 1 1 
Athyriaceae 
D i plaz ium 1 
Blechnaceae 
Blechnum 1 1 1 
Denns taedtiaceae 
Denns taedtia  1 
Dipteridaceae 
Dipteris  1 
Gleicheniaceae 
Gleichenia ( - )  * 1 
Hymenophyllaceae 
Hymenophyllum 1 1 ( 1 )  
Marat tiaceae 
Marat tia  1 
P teridaceae 
P teri s  2 1 
Thelypteridaceae 
Cyclosoru s  1 
Pronephr ium 1 
Monocotlledoneae 
Araceae 
Colocas ia 1 
Cype raceae 
Uncinia 2 2 
Liliaceae 
Dianella 1 
Si syr inchium 1 1 
Orchidaceae 
Agrostophyl lum 1 
Zingiberaceae 
Al pini a ( incl . 2 1 
Ko lowrat ia )  
Ri edelia 3 3 
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Table 3 . 8 contd 
LMRF UMRF SARF 
Dicotyl_edoneae Balsaminaceae 
Impat iens 1 
Begoniaceae 
Symbegonia 1 
Boraginaceae 
Tr igono t i s  2 1 
Chloranthaceae 
Chloranthus 1 * 
Compo s i tae 
Anaphalis 1 
Cruci ferae 
Cardamine 1 * 
Ge sneriaceae 
Cyrtandra 2 * 
Labiatae 
Coleus 1 
Myrs inaceae 
?Di scocalyx 1 
Oxalidaceae 
Oxali s  1 1 
Polygonaceae 
Polygonum 1 
Ranunculaceae 
Ranunculus * 1 
Scrophulariaceae 
Parahebe 1 * 
Umbelliferae 
Trachymene 1 
Urticaceae 
?Elato s temma 6 1 
?P ilea 3 1 
184 
Table 3 . 8  contd . 
LMRF UMRF SARF 
( c) CLIMBERS . & SCRAMBLERS 
Licopsida 
Lycopodiaceae 
Lycopodium (4 )  1 
Filicopsida 
Davalfiaceae 
Davallodes 1 
Dennstaedtiaceae 
Dennstaedtia 1 1 
Mono�otyledoneae 
Araceae 
Pothos 1 
Dioscoreaceae 
?Dioscorea 1 
Gramineae 
Nastus 1 
Pandanaceae 
Freycinetia 3 
Dicotiledoneae 
Apocynaceae 
Alyxia 1 
Melodinus 1 
Parsonsia 1 
Celastraceae 
Celastrus 1 * 
Compositae 
Arrhenechtites 1 * 
Cucurbitaceae 
Melothria 1 
Trichosanthes 1 
Ericaceae 
Dimorphanthera ( 3 )  2+[ ( 1 ) ] [ ( 2 ) ] 
-Cesneriaceae 
Ae schynanthus 1 
Cyrtandra 1 
Menispermaceae 
Stephania 1 
Monimiaceae 
Palmeria 3 1 
Moraceae 
Ficus 1 
Myrs inaceae 
Embelia 2 
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Table 3 . 8 c ontd . 
LMRF UMRF SARF 
Oleaceae 
Jasminium 1 1 
Piperaceae 
Pi per 5 1 
Ranunculaceae 
? Clemat i s  1 
Rhamnaceae 
Rhamnus 1 
Ro saceae 
Ru bus 6 7 1 
Rubiaceae 
Lucinaea 1 
Uncaria 1 
Santalaceae 
Cladomyza ( 1 )  1 1 
Solanaceae 
Lycianthe s 1 
Vi taceae 
? Cayratia 3 
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Table 3 . 8 contd . 
( d )  EPIPHYTES { for  Suba lpine fe rns and orchids and Upper Montane 
orchid s , data of  Wade & McVean { 1 969 ) used ) 
LMRF UMRF SARF 
Licopsida 
Lycopodiaceae 
Lycopodium 4 1 * 
Selaginellaceae 
Selaginella 1 
Fil icopsida 
Ad iantaceae 
Adiantum 1 
Aspidiaceae 
Po lys t ichum 1 
Aspleniaceae 
Asplenium 3 1 1 
Blechnaceae 
Blechnum [ ( l ) ]  1 [ { l ) ]  
Davalli aceae 
Humata 1 * 
Elaphoglos saceae 
I 
Elaphoglos sum 2 1 
Grammit idaceae 
Calymmodon 1 1 1 
Ctenopteris  9 4 
Grammi t i s  4 2 5 
Prosaptia 1 1 
Hymenophyl laceae 
Hymenophyllum 6 2 1 
Tr ichomanes 2 * 
Lindsaeaceae 
Lindsaea 1 
Polypodiaceae 
Belvi s ia 1 1 
Goniophlebium 1 
Loxogramme 2 1 
Microsorium 3 1 
Sell iguea 1 1 1 
Vittariaceae 
Antrophyum 1 
Vittaria 1 
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Table 3 . 8 contd . 
LMRF UMRF SARF 
Monoc�t_x_l_ed<?_� Orchidaceae 
Agrostophyllum 2 * 
Bulbophyllum 1 3 1 
Ceratos tyl is  4 2 * 
Chitonanthera 2 
Co rybas 1 * 
Dendrobium 7+? 3 1 * 
Epiblas tus 3+? 1 * 
Glomera 1 1 1 
Glosso rhyncha 2+? 4 * * 
Li par is 1 * 
Mediocalcar 3 * 
Micratotorchis 1 
Oberonia 1 
Oc tarrhena 1 
Phreatia 2+? 1 1 
Pteros tylis  1 * 
Taeniophyllum 1 
( ?  Genus ) ( 6 )  
Dicotyledoll�a� 
Araliaceae 
Schef flera 2 [ ( 1 ) ] 
Ericaceae 
Dimorphanthera 3 [ ( 3 ) ] [ ( 2 ) ] 
Diplycos ia 1 [ ( * ) ] 
Rhododend ron 4 1+ [ ( 2 ) ] [ ( 2 ) ] 
Loranthaceae 
Amyema 1 1 1 
Piperaceae 
Peperomia 1 
Rubiaceae 
Myrmecodia 2 * 
Nertera 1 [ ( 1 ) ] * 
Santalaceae 
Cladomyza 1 [ ( 1 ) ] [ ( 1 ) ] 
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( e ) The factors l imit ing the dis tribut ions of fores t-type s  
This  question i s  d iscussed i n  de tail els ewhere ( Grubb 1 9 7 7b )  and 
only a brief account is given here . Any explanation of the d i s tribution 
of fores t-types mus t take account of the Mas senerhebung effec t . This  may 
be arbi trarily divided into the 'mild Mas senerhebung ' effect whereby the 
limits  of fores t-types are depressed as much as  c . 1 000 m and the 
' s trong Mas senerhebung ' effect involving well over 1000 m .  The 'mild ' 
effect applies to the lower l imit of Lower Montane fores t throughout the 
tropics ; thi s lies a t  c .  1 500 m wi thin mos t  major ranges and is 
depres sed to c .  800 m ( rarely 500 m o r  les s )  on outlying s i tes. . The 
' mild ' effect als o applies to the lower limit of the Upper Montane along 
mos t  parts of the main ' spine ' of New Guinea or the Andes ; this l imi t is 
a t  c .  3050 m at its  highes t  but can be depres s ed to �· 2400 m or les s . 
The ' s trong ' effect applies to the lower limit of the Upper Montane in 
Malaya o r  the Caribbean where i t  is found at 900-1 800 m , compared wi th c .  
3000 m in the mos t  mas s ive ranges of New Guinea or the Andes . 
It seems reasonable to assume that the uppermo s t  limit s  of all 
species , like the lati tudinal limits of Lowland Rain fore s t  species , are 
set by some funct ion of temperature , and tha t  these limi ts  are lowered to 
varying degrees according to the Mas senerhebung effect ( Grubb 1 9 7 1 ) . 
The ' mild Mas senerhebung ' effect is  related to the incidence of very 
low cloud ( fog) and seems to  act chiefly through the shoots . The lack of 
bright sunshine and of the rais ing of leaf temperatures above air 
temperature is thought to be the mos t  important s ingle effect in 
eliminating the Lowland or Lower Montane species tha t  otherwise occur at 
the relevant lower elevat ion . Continuous water films over the leaf 
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surf ace s  impeding inward diffus ion of carbon d i oxide may also be 
important . The r educed s ta ture of the relevant Lowland o r  Lower Montane 
s pecies tha t do per s i s t  can be explained in the same t erms ; the reduced 
light supply wi ll accentuate the e f f ec t . The lower ing of the limi ts  of 
the relevan t Lower Montane or  Upper Montane plant s probably reflects the 
removal of compe t i t ion above all els e , but may also reflect a bene f i t  
from lower leaf temperature s  and f rom mo re cont inuously favourable water 
relations . The relevant ep iphytes cer tainly benef i t  from the more 
frequent supply of wa t e r  and le s s  frequent des iccation . The re is  no 
evidence that soil  factors are of importance for the tre es and shrubs , 
but the lack o f  shade-inhabi t ing herbs in many lower-alti tude Upper 
Montane fore s t s  is hard to explain except in terms o f  soil effects , 
poss ibly generat ed by the relevant trees . In so far as the Lower Montane 
and Upper Montane fores t s  come lower on ridges this may be related to a 
greater inc idence o f  fogging on r idge s but s o il di fferences , again 
poss ibly generated by the relevant trees , may be involved . It  i s  
s ignif icant tha t n o  comparable lower ing of the lower limi t o f  true 
Suba lpine fore s t  is known and thi s probably ref lec t s  the fac t that both 
it and the Upper Montane are adapted to live in pers i s t ent fog . The 
soils  of Subalpine and Upper Montane fores t s  at high alti tudes in New 
Guinea ( and the Ande s ) , of ten referred to as ' peat s ' are mos t  of ten 
funct ionally alpine humus soils wi th mull humus and there is no evidence 
of soils  of pH/ H�O <4 . 0 ,  whi ch would probably be toxi c to many species . 
The ' s trong Mas s enerhebung ' effect  on the Upper Montane fore s t  also 
involve s per s i s tent fog but s eems always to involve soil factors too . 
Usually , but not always , the s oils  c oncerned are peat s ( pH/ H 10 3 . 0-3 . 5 ) 
or mucks ( pH/ H10 (4 . 0-4 . 5 ) and the p ea t s , at leas t ,  are probably toxic to  
1 90 
mos t  Lowland and Lower Montane species . For the plants that can grow on 
them as wel l  as on o ther soils , the effective supply o f  mos t  nutrient s 
does no t seem to be reduced but there is  evidence of shortage of 
phosphorus in UMRF in Malaya ( Grubb 1 9 7 7b) , and of po tass ium in UMRF in 
Pue rto Rico ( G�ubb 1 9 7 4 , 1 9 7 7b) . There are several f loris tic indications 
of nutrient pauci ty in the Males ian si tes , par ticularly those  in Malaya 
and Borneo : the frequent ( but not universal ) dominance by Ericaceae and 
Myrtaceae , the pres ence of Nepenthes ( insectivorous ) and of particular 
s pecies somet imes found to be abundant on quartz dykes and deep , bleached 
sands in the Lowland Zone ( Baeckia f rutescens , Leptospermum f lavescens ) .  
In the mos t  pers is tently clouded forests  ( e . g .  Kolombangara in the 
Solomon Is . ,  the peaks of the D ' Entrecastaux and Louis iade i sland groups , 
and certain peaks in the Caribbean)  soil-waterlogging effects may add to 
- or be the chief cause of - the inhibition of the growth of mos t  Lowland 
and Lower Montane species . The ' soil-induced ' low-alti tude Upper Montane 
forests  of N .W .  Malesia and the Solomon Is lands are linked f lorist ically 
and eco logically to  the Upper Montane forests  of the high mountains of 
New Guinea no t only by some of the forests  on intermediate-heig�t 
mountains ( e . g .  the Arfak) but also by communities occurring in the 
Lower Montane on boggy s ites , river gravel s  and other periodically 
flooded areas . 
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In a very few cases expo sure to st rong winds  i s  apparently the maj or 
factor inducing low-stature fore s t  at a relatively low altitude , e . g . on 
Mt Bellenden Ker ( in N .  Queensland ) whe re the fore s t  is cer tainly 
wind-clipped and almo s t  devoid of bryophytes . In New Guinea as a whole 
pers is tent s trong winds are rare ; ' wind-shaping ' of trees has been 
obs erved near the summi t of Mt Suckling (_�_. 3 600 m ,  P . F . S . ) , and on the 
nor thern pla teau of Mt Albert  Edward ( Hope 1 9 7 5) , and s trong winds were 
experienced on the summi t of Mt Amungwiwa by R . T .  Corle t t  ( pers . 
comm . ) .  Brass ( 1 959 ) reported wind-c lipping at  very much lower al t i tudes 
on Ros sel Is land . It  i s  po ssible that in all these cases the sout.h-eas t  
trade winds a r e  respons ible , as they a r e  o n  Mt Bel lenden Ker .  
Wind-shaping o f  t rees has cer tainly been repo rted from o ther areas that 
suf fer trade winds e . g . the New Hebrides ( K . E .  Lee , per s . 
Jamaica ( Grubb & Tanner 1 9 7 6 ) . 
comm. ) and 
( f )  Changes in flori s t ic divers i ty with altitude , and the origins 
of the flora 
It is  clear from Tables 3 . 8  and 3 . 9  that there is a marked decl ine 
in the richness  of the flora pas sing from the Lower Montane via the Upper 
Montane to the Subalpine . No t only are there fewer genera at higher 
elevat ions , but there is an almo s t  to tal los s  of genera with four or more 
species and thus a more equitable dis tribut ion of species between the 
genera . Similar changes in divers ity are found along the whole of the 
mountainous ' spine ' of New Guinea . 
The attenuation of the generic flora applies to all the life�forms 
in the forest  o ther than ground-dwelling herbs , and mos t  of the apparent 
exceptions in our s tudy area ( e . g .  Carpodetus , Daphniphyllum , Fagraea , 
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TABLE 3 . 9  A SUMMARY OF THE FLORISTIC DIVERSITY IN VARIOUS LIFE-FORMS 
IN THREE FOREST FORMATIONS 
( a) TREES AND SHRUBS 
Families 
With 1 genus 
With 2 genera 
With 3 genera 
With 4 genera 
With 5 genera 
Total 
Genera 
With 1 species 
With 2 species 
With 3 species 
With 4 species 
With 5 species 
With 6 species 
With 7 species 
With 8 species 
With 9 species 
Total 
Species ( total) 
Lower 
Montane 
31 
9 
4 
2 
3 
49 
58 
10 
1 1  
1 
1 
2 
2 
85  
152 
Upper 
Montane 
19 
8 
3 
1 
31  
30 
15 
2 
1 
48 
69 
Sub­
ATPiile 
6 
3 
2 
11  
10  
4 
1 
1 
1 6  
20 
( b ) GROUND-DWELLING HERBS 
Families 
With 1 genus 
Wi th 2 genera 
Total 
Genera 
With 1 species 
With 2 species 
With 3 speci es 
With 6 species 
Total 
Species ( total) 
( c ) CLIMBERS AND SCRAMBLERS 
Families 
With 1 genus 
With 2 genera 
With 3 genera 
To tal 
Lower 
Montane 
18 
3 
2 1  
1 8  
3 
2 
1 
24 
37 
18 
4 
1 
23 
Upper 
Montane 
9 
2 
1 1  
1 0  
2 
1 
1 3  
1 7  
8 
8 
Sub­
.ATjrlile 
1 0  
1 0  
9 
1 
10  
11  
2 
2 
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Table 3 . 9  contd . 
Lower Upper Sub-
Montane Montane Alpine 
Genera 
With 1 species 2 2  7 2 
With 2 species  1 
Wi th 3 species  3 
With 4 s pecies  
With 5 s pecies  1 
With 6 s pecies  1 
With 7 species  1 
Total 28 8 2 
Species ( total)  44 14  2 
( d )  VASCULAR EPIPHYTES ( Data o f  Wade & Mcvean used for f erns in 
SARF and orchids in UMRF) 
Families 
With 1 genus 1 2  7 4 
Wi th 2 genera 3 2 
Wi th 3 genera 1 
With 4 genera 1 2 
With 5 genera 1 
With 1 0  genera 1 
With 13 ( +) genera 1 
Total 19 10  6 
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Lower Upper Sub-
Montane Montane Alpine 
Genera 
With 1 species 21  19 7 
With 2 spe cies 8 4 
With 3 species 5 
Wi th 4 species 4 1 
With 5 species 1 
With 6 species 1 
With 7 species 1 
With 8 species 
With 9 species 1 
With 10 species 
With 1 1  species 1 
Total 42 24 8 
Species ( to tal)  1 0 1  3 1  1 2  
+ 15  ( orchids 
of un-
certain 
genus ) 
Total vascular epiphytes : 1 1 6  s pecies 
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Homalanthus , Maesa , S teganthera , Gleichenia , Chi tonanthera , Corybas , 
Oc tarrhena and Ptero styl i s )  do no t ho ld when da ta from all along the main 
' s pine ' of New Guinea are cons idered . The only convinc ing exceptions , 
which ei ther f irs t appear in the higher zones or  are mos t  diverse there , 
are Coprosma and S typhelia ( both only in marginal or s tony s ites  in the 
Lower Montane zone ) , Drimys , Olearia , Senecio , and Trochocarpa ; they all 
have s trong aff ini ties wi th Australian and New Zealand spe cies ( Good 
1 9 6 9 )  and probably entered New Guinea from the south* . 
Rho dodendron and Vaccinium ,  bo th of which include large numbers of 
spe cies growing above 3000 m , are bo th of northern ( Warm Temperate)  
aff inity . 
The ground-dwelling herbs present a rather different pic ture wi th 
the entry of many new genera in the higher-al ti tude fores ts : 
Sisyrinchium , Uncinia , Anaphal is , Cardamine , Parahebe , Oxalis , 
Ranunculus , Trachymene and Trigono t i s . These all represent immigrat ions 
from the nor th or south though details of their migrations are no t 
unders tood . 
The widespr ead distr ibut ion of many Upper Montane and Subalpine 
species ( Tables 3 . 2  and 3 . 3 ) f i t s  we ll with the idea of a gro s s  lower ing 
of fores t zones during pas t Ice Ages ( cf .  Walker 1 9 7 0 ; 1 9 7 3 ; Flenley 
1 9 7 2 ; Hope 1 9 7 6a)  forming links be tween the Upper Montane zones of many 
mountains . However , although i t  is mos t  unlikely that the 
Saruwaket-Fini s terre range and the mountains from Mt Suckling 
* Haloragis , found on Mt Wilhelm but not on Mt Kerigomna , f alls in the 
same group . 
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south-eas twards were thus linked to the other mountains in the main 
' spine ' of New Guinea , they do have many species in common . Also , the 
flori s tic  differences that do exis t  between mountains , e . g .  in Senecio 
or Drimys , present f ine problems in relative rates of evolution and 
migration . 
( g) Changes in the Reproduct ive Biology o f  the Forests  wi th Alt itude 
The relative impor tance of reproduc t ion by s eed and by vegetat ive 
means in the trees and shrubs is no t c lear . Wade & McVean ( 1 9 6 9 , p . 59) 
repo rted ' at least  20-30 tre e s eedlings per 4 m plot ' in the Subalpine 
fore s t  on Mt Wilhelm . S imilarly Coode & Stevens ( 1 9 7 2 )  reported 
seedlings o f  Drimys , Rapanea , Rhododendron and Vaccinium in Subalpine 
fores t on Mt Strong . We recorded plenti ful seedlings and s apl ings in our 
Trans i t ion and Upper Montane fores ts on Mt Kerigomna . Sleumer ( 1 967 r 
noted explici tly that Gaul theria mundula ( Subalpine mos tly , descends to 
Lower Montane ) is characteris tically found as di screte bushes , i . e .  
wi thout much vegetative spread . On the o ther hand , one of  us ( P . F . S . )  
has no ted vegetat ive reproduct ion ( ' layering ' )  in several species in 
var ious Subalp ine fore s t s  including Dacrycarpus ( rare ) , Drimys ( no t  the 
predominant means of reproduct ion of mos t  enti ties ) ,  Rapanea and 
Symplocos ( not  common , s eedlings also s een) . Coode & Stevens ( 1 972 ) 
reported ' layer ing ' in trees of Dimorphanthera amplifolia ( Vaccinium 
amplifolium F .  v . M . ) and shrubs of Agape tes brassii  Sleum .  and Polyosma 
subalpina . Wade & McVean ( 1 96 9 ,  p . 49 )  recorded thicke t-formation in 
Rubiaceous shrubs ( Amaracarpus and Psychot ria) and vegetative spread is 
probably respons ible ( i t certainly can be in Amaracarpus , P . F . S . ) . 
Shreve ( 1 9 14 )  emphas ized the great po tential for suc cessful sprouting in 
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trees of wha t  we would now call Upper Montane Rain fore s t  in Jamaica ( cf .  
Grubb & Tanner 1 9 7 6) . Nevling ( 1 969 , 1 9 7 1 )  has not ed repeated vegetat ive 
reproduction in trees of the persis tently fogged ' Elfin fores t '  ( UMRF )  in 
Puerto Rico and has specifically related thi s  to low flower temperatures 
( and failure of meiosis  in developing ovules )  in fog and the 
unsui tability of such cond i tions for pollination by insects . The forests  
in  our s tudy area are  not so  per s i s tently fogged and the problems of  
reproduction by seed  in them s eem to  be  less acute but there is still 
almo s t  certainly a s trong trend toward more vegetative reproduct ion of 
woody s pecies in the Subalpine compared with the Lower Montane . Howeve r ,  
i t  should perhaps b e  emphasized that ( a) even thos e  taxa whi ch habitually 
show some vegetative reproduction generally occur in the vegetation as 
separate individuals wi th discrete areas , and ( b) seedlings of at least  
many of these species can be  found on searching . Vink ' s  ( 1 970 ) 
sugges tion that sexual reproduct ion in Drimys i s  occas ional , needs 
amendment ; seedlings and saplings of  mos t  ground-dwelling entities  have 
been found to be common in the appropriate Subalpine , Upper Montane and 
Lower Montane fores ts ( P . F . S . ) .  
In Chapter 2 a contras t  was made between the shade-tolerant and 
light-demanding species in respect of regeneration . In lower-s tature 
fore s t  with smaller , thicker leaves there is likely to  be a less s trong 
contrast  between heavily shaded and very open s i tes . The dens e s t  shade 
cast is less dense and the c learings made by falling trees are smaller 
because the bigge s t  trees are smaller . It is no table that in the Lower 
Montane Zone , where contrasts  between s trong and light shade are clear , 
species that seem to be primar ily Upper Montane occur only in relatively 
open s i tes : Coprosma d i scolori s , Harms iopanax sp . ,  Homalanthus nervosus , 
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Maesa aff . verrucosa and Rapanea cf . vaccinioides . 
are confined to relatively large clearings in the 
All the s e  species 
fore s t  o r  to the 
forest-edge or to s econdary fore s t . We sugge st  that there may be no 
s trongly shade-tolerant trees in Subalpine forest and many f ewer in the 
Upper Montane than in the Lower Montane . This idea would be in ag reement 
with the highly xeromorphic leaves in the Subalpine , and with the lack of 
any large-seeded species there . Certainly gaps in the canopy a few 
met re s  acros s do occur in the Subalpine and Trans i tion . fores ts  and in the 
lat ter thes e  seem to be particularly favourable for the rather tall 
Riedelia sp . 
sp . 285 . 
341  ( Zingiberaceae ) and the 
Thus s patial heterogeneity 
large , pedate-fronded Pteri s 
for  the regenerat ion process  
certainly exi s t s  and there are  many po s s ibi lities for  dif ferentiation in 
the ' regeneration niche ' ( Grubb 1 9 7 7a) . For example , s eedlings of some 
species develop on fallen t runks or even s tanding trunks tho s e  o f  
o thers may no t .  Als o  s ome t rees o r  shrubs may bene f i t  from certain 
' nurse ' species whil e  o thers suffer . 
We have no informa t ion on the phenology of reproduct ion on Mt 
Ker igomna . However , i t  appears to one of us ( P . F . S . )  that flower ing 
material of many species ( perhaps mos t )  can usually be found on a visit  
to any Subalpine forest  a t  any t ime of  year of New Guinea . This does not 
exclude burs t s  of flowering in the same species , which have been not ed 
in , e . g . , some species of Drimys , Rhododendron and Vaccinium . Wade & 
Mcvean ( 1 969 , p . 3 1 )  certainly found some flower ing throughout the year in 
several of the Ericaceae on Mt Wilhelm . Docters van Leeuwen ( 1 933)  in a 
ten-year s tudy of  the fore s t  at  2 7 00-3025 m on Mt Pangrango-Gedeh in Java 
( UMRF or Trans i t ional UMRF-SARF in our sys tem) found that mos t  species 
showed some flower ing in e ight or more months of the year , al though a 
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TABLE 3 . 1 0  POLLINATION-SYNDROME S IN VARIOUS LIFE-FORMS IN FOUR FOREST-TYPE S 
Percentages of  species g iven . To tal number of species can be 
derived from Table 3 . 1 1 
( A) TREES & SHRUB S 
Apparently wind-po llinated 
Apparently bird-poll inated 
Apparently insec t-pol l inated 
Tubular f lowers 
Long-tubular ( ? mo th­
po llinated)  
Showy non-tubular flowers 
Non-showy non-tubular 
No pollina tion ( P terid . )  
( b ) GROUND-DWELLING HERBS 
Apparently wind-po llinated 
Apparently insec t-pollina ted 
Tubular flowers 
Showy non-tubular flowers 
Non-showy non-tubular 
No pollina t ion ( Pterid . )  
( c ) CLIMBERS AND SCRAMBLERS 
Apparently bird-poll inated 
Apparently insect-pollinated 
Tubular flower s 
Showy non-tubular flowers 
Non-showy non-tubular 
No pol linat ion ( Pt erid . )  
( ? )  
Upper Montane 
Lower Ma in Trans- Sub-
Montane As soc . i tion Al pine 
( LMRF ) ( UMRF ) ( SARF ) 
3 
0 
95 
IT 
0 
50 
34 
3 
0 
6 8  
30  
8 
30 
32 
0 
93  
20  
30  
43 
5 
2 
4 
6 
85 
20 
2 
35  
28 
2 
1 2  
7f 
35  
24  
12  
1 8  
7 
78 
14 
50 
1 4  
1 4  
0 
1 2  
8 
77 
23  
0 
3 1  
2 3  
4 
1 8  
TI 
T8 
3 6  
9 
1 8  
0 
1 00 
25 
7 5  
0 
0 
0 
1 0  
2 0  
7 0  
35 
0 
20 
15  
0 
1 8  
54 
T8 
2 7  
9 
2 7  
0 
100 
50 
50 
0 
0 
0 
( d )  EPIPHYTES ( Data o f  Wade & McVean ( 1 96 9 )  used for f erns and orchids 
in SARF and o rchids in UMRF) 
Apparently bird-pol linated 
Apparently ins ec t-pollinated 
Tubular f lowers 
Long-tubular ( ?mo th­
pollinated ) 
Non-showy non-tubular 
No pollination ( Pterid . )  
( ? )  
5 
56 
52 
1 
3 
3 8  
1 
6 
38 
38 
0 
0 
5 6  
0 
5 
32 
32  
0 
0 
6 3  
0 
8 
17 
IT 
0 
0 
7 5  
0 
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majority showed s ome tendency to ' peak ' in the ' dry ' season or the 
wet tes t season . Nevling ( 1 9 7 1 )  related a s trong tendency to prolonged 
f lower ing in species of ' E lf in fores t ' ( UMRF) in Puer to Rico to the poor 
chances of ovule-maturat ion and pollination in a foggy environment - the 
plants were suppo sedly adapted to maximise the chance of fo rming at leas t 
a few s eeds . Even though the fogging is  no t so pers i s t ent in our 
fores t s , it may be that there has been selection in this direc t ion . 
Pho tographs of flower s which show charac teristics thought to be 
typi cal of pollinat ion by birds , moths and but terflies are shown in 
Plates 9 and 1 0 .  The information on pollination-syndromes in different 
l ife-forms in the var ious fore s t s  i s  summarized in Table 3 . 10 .  It i s  
l ikely tha t we have under-es timated throughout the propor tion o f  
bird-pollinated and wind-pollinated species . Birds may be involved 
ra ther than ins ec ts  in the case of Aes chynanthus , red-f lowered Cyrtandra, 
and Freycinetia ( Lower Montane ) , Helicia , Medinilla and Syzyg ium ( Lower 
and Upper Montane ) ,  Alp inia and Riedelia spp . ( Lower Montane to 
Transi tion Fores t ) ; Do ctors van Leeuwen ( 1 933)  recorded the sun-bird 
( Ae thopyga) vis iting f lowers o f  Rubus in search of nec tar . Wind may be 
involved rather than insects  for Macaranga and o ther Eupho rbiaceae ( Lower 
and Upper Montane) and , according to van St eenis ( 1 9 7 2 ) , for 
Daphniphyllum and Harmsiopanax ( both chiefly Upper Montane ) and s ome 
Myrs inaceae ( Lower Montane to Subalpine ) ;  i t  is cer tainly notable that 
pollen of Rapanea is abundant wi th that of Podocarpaceae in peat depo s i t s  
in the Subalpine Zone ( Hope 1 9 7 6a ) . Al l i n  all , the probable limi tations 
to our cla s s ification of species re po llination are unlikely to revers e 
our ma jor f indings . 
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PLATE 9 .  Flowering shoo t  o f  Amyema wichmanni , a hemi-parasitic  
ep iphyte wi th red f lowers , probab ly bird p o l l inated . 
(Pho tographed by P . J . G .  in May 1 9 7 1 )  
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There is  a marked fall in the proportion of apparently 
insec t-pol linated species in three of the four life-forms on pas s ing from 
Lower Montane to Subalpine . In the fourth l ife-form ( climbers and 
s crambler s )  there are only two s pecies in the Subalpine and four in 
Trans i t ion fores t so that the data are of doubtful general s ignificance . 
The place of ins ects  in pol lination i s  taken by birds and wind ( trees and 
shrubs ) ,  wind pollina tion ( ground-dwelling herbs ) and birds or  no 
pollination ( pteridophyte s ) . The increasing importance wi th altitude of 
birds for pollinat ion of Rhododendron is clearly sugge s ted by S tevens 
( 1 9 7 6 ) , and orni thophily has been sugge s ted on s everal grounds to be 
favoured at high alti tudes in Central America ( Cruden 1 9 7 2 )  for reasons 
which are also operative in New Guinea ( low tempe ratur e , great 
cloudine s s ) . 
The relat ive failure of insect-pollinated plant s fits  well with the 
obs erved pauci ty of ins ec t-life in general in the Subalpine and the low 
incidence of insect-damage to leaves . The type of apparently 
ins ect-pollinated f lower which shows the mos t  cons is tent attenuation in 
all four life-forms is the non-showy ,  non-tubular . This sugge s t s  that 
plants whi ch ' inves t  more capi tal ' in advertising their flowers are more 
successful at  the highe r  alti tudes where ins ects are scarcer . Among the 
trees and shrubs the tubular flower-form is apparent ly favoured with 
increas ing alti tude wi thin the insect-pollinated group but the showy 
non-tubular flowers are favoured among the ground-dwelling herbs . There 
is no evidence to be derived on this po int from the climbers and 
s cramblers or epiphytes . 
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PLATE 10 . Flowering shoot s  o f  selected species of  Rhododendron . 
(All photographed by P . J . G . in November 1 9 70)  
a (top ) : R . phaeochitum ,  epiphyte , p ink f lowers ( ?b ird pollinated)  
b (middle ) :  R .  herzogi i , ep iphyte ,  white  flowers ( ?hawkmoth pollinated ) 
c (bottom) : R .  maegrego riae , marginal shrub , yellow f lowers ( ?but terfly 
pollinated) 
205 
Al l these changes in po llination-syndrome could be incidental and 
merely result from the natural s elect ion of taxonomic groups on cri teria 
pertaining to the vegetat ive phase . However , the changes regarding 
ins ect-pollinated plants seem all-pervasive and i t  is l ikely tha t  there 
has been more than average diff icul ty for ins ec t-poll ina ted plant-groups , 
especially tho s e  with non-s howy f lowers , to evolve high-alti tude s pe cies . 
It  would be par t icularly useful to  know what proportion of species in the 
various fores t-types are s elf-fer tile . Docters van Leeuwen ( 1 933)  found 
many ins tances in his study on Mt Pangrango-Gedeh . However ,  recent 
experimental s tudies have led one to doub t the older view that 
self-fert ility is predominant in the Arctic ( Kevan 1 9 7 2 ) and a parallel 
re-appr aisal may be needed for the Subalpine and Alpine Zones of  both 
Temperate and Tropi ca l regions . Kevan found that the mos t  important 
po llinators in the Arctic  were bumb lebees and f lies . It is s ignificant 
that Docters van Leeuwen long ago found these to be the mos t  frequent 
flower-vis i ting ins ec t s  on the summi t of Mt Pangrango-Gedeh . We have no 
informat ion on the propor t ions of dioecious species in our various 
fores t-type s . 
The dominance of apparently animal-dispersed trees and shrubs 
appears to weaken sl ightly on passing from the Lower Mon tane to the 
Subalpine ( Tabl e 3 . 1 1 ) . Thi s  largely resul t s  from the entry into the 
forest  of Olearia and Senec io s pp . and ground-dwell ing Rhododendron spp . 
Their disseminules may be blown ' upmountain ' ;  G . S .  Hope ( pers . comm . ) 
found from his t raps that po llen of vir tually all s pe cies caught wa s 
blown up the mountain ( on Mt Wilhelm) and no t down i t . However ,  the.re is 
s t ill a clear predominance of apparently animal( bird ) -dispersed trees and 
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TABLE 3 . 1 1  DI SSEMINULE-TYPE S IN VARIOUS LIFE-FORMS IN FOUR FOREST-TYPES 
( a )  
( b )  
( Number s  o f  species wi th percentage o f  
TREES AND SHRUBS 
Fleshy and pre sumed 
animal-dispersed 
Berry or berry-like 
Drupe or drupe-l ike 
Capsule wi th fleshy s eeds 
Fig 
Various!� adapted � wind-
d i spersal 
Spores 
Very small 
Small to  medi um ,  wi th pappus 
Small to  medium ,  winged 
No t obviously adapted f o r  
di spersal 
Dry capsule , usually 
dehiscent , never 
explo s ive 
Achene 
GROUND-DWELLING HERBS 
Fle shy and pre sumed anima l-
dispersed 
Berry or berry-l ike 
Drupe 
Capsule with fle shy s eeds 
With hooks or hairs and 
probably animal-d ispersed 
Variously adap t ed to wind-
di spersal 
Spores 
Very small 
With pappus 
Lower 
Montane 
LMRF 
127 ( 8 5 )  
46 
59 
16  
5 
1 1 ( 7 )  
5 
1 
2 
3 
.!_3 ( 9 ) 
10  
3 
1 1 ( 30 )  
9 
2 
0 
Q_( O )  
1 3 ( 35 ) 
IT 
1 
0 
to tal ) 
� Montane 
Main Tran s i t ion 
Association Fo res t  
UMRF 
5 6 ( 8 1 )  20 ( 7 7 )  
2T 6 
29 1 3  
6 1 
0 0 
9 ( 1 3 )  4 ( 1 5 )  
y y 
2 0 
4 3 
2 0 
�( 6 )  !( 8 )  
4 2 
0 0 
5 ( 2 9 )  2 ( 1 8 )  
4 y 
0 0 
1 1 
!( 1 2 )  !( 1 8 )  
3 ( 1 8 )  2 ( 18 )  
3 2 
0 0 
0 0 
Sub-
Alpine 
SARF 
1 5 ( 7 5 )  
6 
9 
0 
0 
4 ( 20 )  
0 
2 
2 
0 
1 ( 5 )  
1 
0 
1 ( 1 0 )  
0 
0 
1 
2_( 2 7 ) 
4 ( 36 ) 
3 
0 
1 
Tabl e  3 . 1 1 contd . 
No t o bviously adapted f o r  
dISpersal 
Achenes or similar dry 
fruit 
With dry capsul e , 
usually d ehisc ent , 
never exp l o s iv e  
Explosive 
( c )  CLIMBERS AND SCRAMBLERS 
F l e shy and pre sumed animal­
d i s pe r s ed 
Berry and ber ry- l ike 
Drupe or drupe- l i ke 
Ca psule wi t h  fle shy s e ed s  
F i g  
Var iously adapted � wind­
d i s persal 
S pores 
Very small 
Winged 
Wi th pappuS or fea thery 
Lower 
'Mo'ii"tane 
£( 34 )  
10 
2 
.!_( 3 )  
3 7 ( 84 )  
20 
14 
2 1 
!_( 1 6 )  
2 
1 
1 
3 
� Mont ane 
Main Transi tion 
As sOCiat ion 
�(35 )  
4 
2 
.!_( 6 )  
1 2 ( 86 )  
4 
8 
0 
0 
2 ( 14 )  
2 
0 
0 
0 
Fores t 
�( 36 ) 
2 
2 
.!_( 10 )  
8 ( 100 ) 
2 
6 
0 
0 
0 ( 0 )  
0 
0 
0 
0 
Sub­
AyPine 
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�(2 7.) 
2 
1 
_Q( O) 
2 ( 100 )  
r 
1 
0 
0 
0 ( 0 )  
0 
0 
0 
0 
( d )  EPIPHYTES ( da t a  of Wade & McVean ( 1 969 )  used for f erns and orchids in UMRF and SARF) 
F l e s hy and pre s umed animal­
d i s pe rsed 
Berry or berry-like 
Drupe or drupe-like 
Variously adapted to wind­
d i s persal 
Spore s 
Very sma l l  
13 ( 1 1 )  
6 
7 
105 ( 89 )  
41 
58 
1 ( 3 )  
0 
1 
3 1 ( 97 )  
18 
13  
1 ( 5 )  
0 
1 
18 ( 9 5 )  
IT 
6 
1 ( 8 )  
0 
1 
1 1 ( 9 2 )  
9 
2 
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shrubs ( 7 5% of the speci e s ) and i t  would be fascinating to know how 
effec t ive the res tricted avi fauna i s  in meso-scale dispersal . Mammals , 
as we ll as birds , may be respons ible for the di spersal o f  f leshy 
disseminules , even in the Subalpine ; van St eenis ( 1 9 7 2 ,  p . 3 2 )  r ecords 
tha t  rats in Java diligently climb up Vaccinium varingiaefolium ( Bl . )  
Miq . to eat the berries . We have probably mis sed taxa wi th a t t ract ions 
for ant s on their propagules ;  these are more like ly to  be important at 
lower alti tudes for  micro-scale di spersal . As f o r  macro-s cale di spersal , 
present day dis tribut ions may be a par tial i ndica tor . The re is  no 
obvious correlat ion of area of d i s t r ibut ion wi th method of dispersal , as 
has been no ted elsewhere ( e . g .  van St eenis 1 96 2 ) ;  both Dimorphanthera 
( animal-di spersed ) and Rhododendron ( wind-dispersed )  have widespread and 
local ised species . The woody pioneers on land-s lips include species wi th 
bo th types of dispersal vi z . Rhododendron ( capsules and small or rather 
small ,  tailed seeds ) , Gaultheria ( f leshy calyx , but also a capsul e )  and 
Vaccinium ( f leshy , indehiscen t  fruit ) . The herbaceous pioneers  have dry , 
o f t en wind-d ispersed d i s s eminules , but that is  characteri s tic  generally 
o f  herbaceous species growing in open habi tats at  the s e  al t i tudes . 
The numbers o f  species of  ground-dwe lling herbs , of  climbers  and 
s cramblers and of epiphytes are greatly reduced in the Upper Montane and 
Subalpine fores t s . The ground-dwell ing herbs ( Table 3 . l l ( b) ) again show 
a proportional decrease in the fleshy , animal-dispersed type ( mainly los s 
of  Zingiberaceae ) but a compensat ing increas e in o ther animal-d i spersed 
type s . There are no marked changes  in the proportions of  different 
d is s eminule-type s in the climbers and s cramblers or  epiphytes  ( Table 3 . 1 1 
( c ) -( d ) ] . 
( h )  No tes on the flora of the gras s land areas � Mt Kerigomna , 
and a landslip 
- --
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No detailed s tudy was made of the Upper 
following species have been recorded by P . F . S . 
Montane gra s s land . The 
or by Hoogland & Pullen . 
Lycops ida 
Lycopodiaceae 
Lycopodium selago L .  LAE 54589 
Filicop sida 
Cyatheaceae 
Cyathea a trox 
Cya thea spp . 
Gleicheniaceae 
c . Chr . var . inermis Holtt-. 
LAE 54661  and 5 46 62 
Gleichenia hooglandii  Holtt . LAE 54617  
G .  vulcanica Bl . ( Se en but no t collected ) 
Monoco tyledones 
Cyperaceae 
Carex capillacea Boo t t  LAE 54685 
c .  graeffeana Boeck . LAE 5 4 6 1 6  
c .  fini t ima Boo t t  LAE 5 4 6 5 6  
HP 5 5 3 3  
Scirpus cf . auklandi cus ( Hook . f . )  Boeck . LAE 54630 
( or perhaps S .  subtilis smus  ( Boeck) S . T .  Blake ) 
Gramineae 
Agros t i s  reinwardt ii van Hal l  HP 5544 LAE 54610  
Anthoxanthum angus tum ( Hi tchc . )  Ohwi HP 5 5 1 2  LAE 54599  
Brachypodium sylva t icum ( Hud s . )  P .  Beauv . 
var . pubifolium ( Hi tchc . )  Jansen LAE 546 12  
Deschapms ia klo s s i i  Ridley HP 5 509 
Dichelachne rara ( R .  Br . )  Vickery HP 5543 LAE 54641  
Fes tuca crispat-pilosa Bor  HP 5545  
Hierochloe redolens ( Vahl ) R .  & s .  HP 5 5 1 0  LAE 54584 
Imperata conferta ( Pre s l )  Ohwi HP 5 5 1 6  
Lolium rig idum Gaud . LAE 54660 
Poa s p . cf . bra s s il Hi tchc . HP 5508 LAE 54600 
P .  cras sicaul is  Pilg . LAE 54607 
Juncaceae 
Juncus pri smatocarpus R. Br . Lae 54657 
Luzula e ffusa Buch . LAE 54635 
L.  papuana M . Jansen ( Seen but not collected ) 
Dicotyledones 
Boraginaceae 
Myo sotis aus trali s  R .  Br . ( Seen but not collected) 
Trigono tis  papuana ( Hems ! . )  Johns ton HP 5556  
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Campanulaceae 
Peracarpa carno sa ( Wall in Roxb . )  Hook . f .  LAE 54625  
Wahlenbergia marg ina ta ( Thunb . )  DC . HP  5546  
Caryophyllaceae 
Sagina papuana Warb . ( Seen but no t col lec t ed )  
Compo si tae 
Anaphalis 
A.  mariae 
Keys seria 
HP 5547  
helwigii Laut h .  ( Seen but no t collected ) 
F .  v . M .  f o rma mar iae LAE 5 46 2 3  
radicans ( F .  v . M . ) Mat t f . ssp . radi cans 
LAE 54592  
Myriact i s  cabrerae Ko s t er LAE 54659  
Senecio s p . LAE 54622  
Epacr idaceae 
Styphelia suaveolens ( Hook . f . )  War b .  HP 554 1 
Ericaceae 
Gaultheria mundula F .  v . M .  HP 5542  
Gentianaceae 
Gentiana e t t ingshaus enii F .  v . M .  HP 5555  LAE 546 1 5  
Haloragidaceae 
Gunnera mac rophylla Bl . HP 559 1 
Onagraceae 
Epilobium hooglandii Raven HP 5540 
E .  keysseri Diels  LAE 54602 
Ro saceae 
Acaena anserinifo lia ( J . R . & G .  For s t . )  Domin HP 5 5 6 0  
Po tentilla fors teriana Laut h . var . ima Kalkm • H P  5583 LAE 546 1 9  
P .  papuana ( Focke ) Hook . f .  e x  Stapf . ( Seen but no t collected ) 
P .  parvula Hook . f . ex Stapf HP 5559 
Rubiateae 
Hedyo tis  sp . HP 5 5 7 2  
Nertera granadens i s  ( L . f . )  Mut i s  ex Druce ( Seen but n o t  collected) 
Umbe lli ferae 
Hydrocotyle s ibthorpioides Lamk HP 5584 
Valerianaceae 
Tr iplos tegia glanduli f era Wall . HP 5588 LAE 54549  
The s pe cies l i s t  s trongly sugge s t s  that mos t  of the  g ra s s l and can be 
related to the Cyathea a trox - Triplos tegia glanduli fera and Deschamp s ia 
klo s s i i  - Danthonia penicillata associations o f  Wade & McVean ( 1 9 6 9 ) . 
The mos t s triking f ea ture of  the li s t  i s  the s trongly temperate 
affini ty o f  mos t  of  the genera . The same is found on all the high 
mountains of  Malesia , Afr ica and South Ameri ca . 
I 
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One of  us ( P . F . S . )  f ound the fo llowing species on a s izeable 
landslip at  c .  3200 m ,  near the fores t-gras sland edge . 
( a )  On the rockier par t s  chiefly 
Lycopodium c omp lanatum L . ( abundant ) 
Gaultheria pul lei J . J .  Sm . var . pulle i 
Rhododend ron ? yel li ot tii  Warb . 
Vac cinium amblyandrum F .  v . M .  var . pungens 
( b ) More generally dis tributed 
( a) Mo s s es  
Campylopus sp . & Po lytri chum s p .  
( b) Herbs 
Epi lobium ? hooglandii/ keys seri 
Ner tera g ranadens is  
Ranunculus sp . 
Trigono t is inobli ta ( L . f . )  Mut i s  ex Druce 
T .  papuana ( Hems! . )  Johns ton 
( c ) Shrubs 
Coprosma papuens i s  Oliver 
Drapetes ericoides Hook . f .  
Rapanea sp . 2 2 9 3  ( a bundant ) 
Saurauia s p . 2 2 9 1  
( d )  Seed lings and saplings of trees 
Decaspermum lorentz i i  Lautb . 
Elaeocarpus s p . 
Hel icia sp . ? nov . 2 8 9  
Homalanthus nervo sus J . J .  Sm . 
Olearia spectab i l i s  Kos t e r  
Thi s assemblage o f  species i s  c learly related t o  the ' Rhododendron 
yelli ottii  communi ty type ' o f  Wade & Mcvean ( 1 9 6 9 )  but i s  characterized 
by Upper Montane rather than Subalpine tree and shrub s pe cies . 
On a smaller lands lip which was cros sed by the t rack up Mt Kerigomna 
a t  c .  3 6 00 m we found Ceras tium keysseri Mat tf . ( LAE  5 4 5 7 5 ) , Gnaphalium 
brevi s capum Mat t f . ( LAE  5 4 5 8 7 )  and on the wet ground at  i t s  base 
Monos tachya oreoboloides ( F .  v . M . ) Hi tchc . ( LAE 54 5 7 7 ) ,  Paa callosa 
Stapf ( LAE 54574)  and Schoenus curvulus F .  v . M .  ( LAE  54578) . 
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